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MUTUAL CONDUCTANCE 
TUBE ANALYZER 


(Model 686 Type 9B) A complete 
“all purpose” tube analyzer that pro- 
vides accurate testing of true mutual 
conductance of all receiving tubes in 
accordance with manufacturers rated 
operating conditions, as well as at 
other values not conforming to stand- 
ard ratings and conditions. Ideal for 
electronic laboratories, and produc- 
tion quality control. 


ULTRA SENSITIVE 
PORTABLE TEST INSTRUMENTS 


(Model 622) High sensitivity, large 
scale A-C and D-C instruments of 
double pivoted type, ideal for pre- 
cision measurement of low potentials 
and minute current. Available in sin- 
gle or multi range as D-C voltmeters, 
millivoltmeters, milliammeters, mi- 
croammeters; and milliammeters and 
voltmeters in thermo and rectifier 
types for RF and A-C. 





HIGH FREQUENCY 
ELECTRONIC ANALYZER 


(Model 769) A three-in-one instru- 
ment providing a self-contained Volt- 
Ohm-Milliammeter, a high impe- 
dance electronic D-C Volt-Ohmmeter, 
and a probe type vacuum tube volt- 
meter for use to 300 megacycles. Ex- 
ceptionally stable and accurate. Has 
specially designed extremely small 
RF end D-C probes. 


PANEL INSTRUMENTS 
OF HIGH SENSITIVITY 


In all types, sizes and ranges for all 
critical measurements encountered in 
electronics, nuclear research and gen- 
eral testing. All D-C, rectifier type 
A-C and RF instruments have built- 
in magnetic shunts for minor adjust- 
ments if necessary. 








SUPER-SENSITIVE 
SENSITROL® RELAYS 


(Model 705) Operate reliably on 
values as low as 42 microampere, di- 
rect from photocells, resistance bulbs, 
thermocouples and other generators 
of minute energy. Control up to ten 


watts at 120 volts on non-chattering 


magnetic contacts. No standby power 
required, no batteries, tubes, trans- 
formers. Available in single and dou- 
ble contact types—manual or solenoid 
reset. 





INDUCTRONIC® 
D-C AMPLIFIER 


(Model 1411) A new, stable D-C Am- 
plifier which employs new Induction 
galvanometer and provides high de- 
gree of resolution even at fractional 
loads. Reaches steady, full-scale de- 
flection in a fraction of a second. In- 
terchangeable plug-in range standards 
for either microamperes or millivolts, 
Uses standard tube components. 


Literature on these and other WESTON instruments for electrical and electronic requirements sent on request. 


WESTON Electrical Instrument Corporation, 606 Frelinghuysen Avenue, Newark 5, New Jersey 
. . manufacturers of Weston and TAGliabue instruments. 
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O 
another New (aliglae SPEED CONTROL 


for 4 h.p. D-C motors operating from A-C lines 


Selenium Rectifier vs Compact Construction + Moderate Price 


This new and improved VARIAC Speed Control Features: 


Selenium Rectifier — no waiting for vacuum 
lube to warm up — not necessary to ‘idle’ 
rectifier for instant starting — much less 
heat — practically indefinite life under ordi- 
nary operating conditions — at least 15,000 


; 
} 
i 
i 


hes, hours rectifier life for continuous duty in am- 

tion | dient temperature of 40 deg. C. 

de- 

nal |  Standard1/3 HP Compound or Shunt Wound Motors 

- — either can be used — no derating required 
n- 

“ | Instant Starting — Extra-Fast Stopping — dy- 

Its, 


namic braking — reverse and dynamic brak- 
ing require no auxiliary equipment — single 
“FORWA RD", “STOP” and REVERSE" 
switch conveniently located on control box 


Continuously-Variable Speed Range down to zero, 
at constant torque 


Negligible Torque Pulsation — armature current 
pracucally ripple free 





1 NEW YORK 6 Se ganaA 


Excellent Regulation — essentially that of the 
motor itself 


Quick Starting Under Heavy Loads — very large 
short-time overload capacity — time-delay 
magnetic circuit breaker protects motor and 
control from damage from stalls 


Micro-Switches can be used as limit 
devices — not necessary to break the 
d-c armature current 


Rugged and Compact Construction — al/ 
control equipment and circuits in 
one small, rugged box — easily in- 
stalled by any shop electrician — es- 
sentially maintenance free — box 
and control readily mounted on ma- 
chine to be controlled — plug-jack 
connections simplify wiring — unit 
may be removed from box without 
disturbing wiring 
- 


GENERAL RADIO Company 


275 Massachusetts Avenue, Cambridge 39, Mass. 


ICAGO 5 N Seward St. LOS ANGELES 38 

























Type 1700-B Variac Speed Control, 105-125 », 
CORONA ereieve shares noice udev $165.00 


Type BC46AB29 G. E. 1/3 hp semi-enclosed 
1750 rpm motor, 115 v, dc, for use with Type 
1700-B VA RIAC Control .......... 45.79 









The Type 1700-B VARIAC Speed Con- 

trol mounted on toroidial ae pe 

chine. Note compactness, acc ility 

— knob and motor control 
tch. 
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Call these industrial distributors: 


CALIFORNIA 
Mahl Steel & Supply Company 
3081 East Slauson Avenue 
Huntington Park 


American Wholesale Hardware Company 


1500 West Anaheim Street 
Long Beach 
Chase Brass & Copper Company, Inc. 
210 South Central Avenue 
Los Angeles 
Union Hardware & Metal Company 
411 East First Street 
Los Angeles 
Coast Equipment Company 
2019-2023 Main Street 
San Diego (2) 
The Adam-Hill Company 
244 Ninth Street 
San Francisco 
Chase Brass & Copper Company, Inc. 
680 Second Street 
San Francisco 
C. W. Marwedel 
1235 Mission Street 
San Francisco 

COLORADO 
Buda Engine Sales & Service Company 
Denver 
Hendrie & Bolthoff Company 
1635 Seventeenth Street 
Denver 
Plant Equipment Company 
1863 Wazee Street 
Denver 

CONNECTICUT 
H. G. Davis, Inc. 
195 Dewey Street 
Bridgeport 
Faxon Engineering Company, Inc. 
185 Hudson Street 
Hartford (6) 
Glauber, Inc. 
Stamford 


GEORGIA 
J. M. Tull Metal & Supply Co., Inc. 
285 Marietta Street, N.W. 
Atlanta 


ILLINOIS 
Illinois Auto Electric Company 
2011-37 South Indiana Avenue 
Chicago (16) 
Meyer-Ekstrom Company 
2435 N. Halsted Avenue 
Chicago (14) 
Sterling Products Company, Inc. 
121 North Jefferson Street 
Chicago (6) 
Spence Tool & Rubber Company 
1530 North Adams Street 
Peoria 
Nelson & Storm Tool Supply Company 
4th Street and Broadway 
Rockford 
Buda Engine Sales & Service Company 
Salem 





INDIANA 
Di d Supply Company, Inc. 
616 N. W. Second Street 
Evansville 


indianapolis Belting & Supply Co. 
30-36 South Capitol Avenue 
Indianapolis 

Vonnegut Hardware Compan 

402 N. Maryland Street 
Indianapolis 

Ike Jones Supply Company 

704 East Willard Street 

Muncie 


South Bend Supply Company 
South Bend (24) 


KANSAS 


Buda Engine Sales & Service Co. 
Great Bend 


KENTUCKY 





Ben Willi & Comp 

16th and Greenup Avenues 
Ashland 

Louisville Mill Supply Company 
15th and Madison Streets 
Louisville 

Uland Rubber & Supply Company 
N. E. Corner Floyd and Market Streets 
Louisville (2) 

Riggs Engineering Company 

Box 133 

Ludlow 

Henry A. Petter Supply Company 
Paducah 





LOUISIANA 


Industrial & Marine Equipment Co. 

334 South Diamond Street 

New Orleans 

Standard Supply & Hardware Company, Inc. 
822-866 Tchoupitoulas Street 

New Orleans 


MAINE 


N. G. Bragg & Sons 
74-88 Broad Street 
Bangor 

Brown-Wales Company 
120 Middle Street 
Lewiston 


MARYLAND 


Atlantic Copper & Brass Company 
114 South Frederick Street 
Baltimore (2) 

Robins Rubber Division 

A. K. Robins & Company, Inc. 
Candler Building 

Baltimore (2) 


MASSACHUSETTS 
H 


. G. Davis, Inc. 
8 St. Mary's Street 
Boston 
Brown-Wales Company 
165 Rindge Avenue Extension 
Cambridge (40) 
Knox, Incorporated 
East Walpole 
The Jennison Company 
17 Putman Street 
Fitchburg 


MICHIGAN 


Garrett Burgess, Incorporated 

5050 Joy Road 

Detroit (4) 

Great Lakes Rubker Company 
14615 Meyers Road 

Detroit (27) 

The Charles A. Strelinger Company 
149 East Larned Street 
Detroit (26) 

Gransden-Hall & Company 
Walnut and Poplar 

Flint (1) 

Smith Winchester Company 
140 South Mechanic Street 
Jackson 

P. T. Standard Parts C 

P. O. Box 158 

Pontiac (16) s 





MINNESOTA 


General Diesel & Equipment Company 
Hibbing 
Iron Range Equipment Company 


2701 —5th Avenue 
Hibbing (4) 
W. S. Nott Company 
201 North Third Street 
Minneapolis (1) 
Pheoll Manuf ing C 
1313 Chestnut Avenue 
Minneapolis (13) 
Jurgens Company, Inc. 
519 North Cleveland Avenue 
St. Paul (4) 

MISSOURI 
Forsiund Pump & Machinery Company 
1717-19 Main Street 
Kansas City (8) 
Mid-States Supply Company 
P. O. Box 558 
Kansas City (10) 
Moehlenpah Engineering, Inc. 
4550 Main Street 
Kansas City 
Mill Supply & Machinery Company 
2910-12 Washington Avenue 
St. Louis (3) 
Moehlenpah Engineering, Inc. 
1315 South Vandeventer Avenue 
St. Louis (10) 

NEW JERSEY 
Culbert Pipe & Fittings Company 
301 West Side Avenue 
Jersey City (5) 





vs 





Jarett Comp & Equip t, Inc. 
275 Central Avenue 
Newark (4) 

NEW MEXICO 


The Harry Cornelius Company 
1510 North 2nd Street 
Albuquerque 
NEW YORK 
B. F. Gilmour Company, Inc. 
152 Forty-First Street 
Brooklyn (32) 
J. M, Cranz Company 
2671 Main Street 
Buffalo (14) 
T. R. Goldsmith & Son 
52 Highgate Avenue 
Buffalo (14) 
Lincoln Lubricating Systems, Inc. 
48-14 36th Street 
Long Island City 
John B. Astell & Co., Inc. 
90 West Broadway 
New York (7) 


Downs-Smith Brass & Copper Co., Inc. 


304-20 East 45th Street 

New York (17) 

Glauber, Inc. 

515-529 East 79th Street 

New York (21) 

Hydro Pneumatics, Inc. 

90 West Street 

New York (6) 

Chapin-Owen Company, Inc. 
205-213 St. Paul Street 
Rochester (4) 

Frank E. Laffan Company 

167 Charlotte Street 

Rochester (7) 

Ontario Metal Supply, Inc. 
91 Mount Hope Street 
Rochester (7) 

LeValley, McLeod, Inc. 
126-140 Van Guysling Avenue 
Schenectady 

Burns Piping Supply, Inc. 
415-417 South Clinton Street 
Syracuse (1) 
Onondaga Supply Company 

































ROE 


Industrial Division 
344 West Genesee Street 
Syracuse (1) 

Syracuse Supply Company 
314-18 West Fayette Street 
Syracuse (1) 

Thomas H. Bradley, Inc. 
123 Court Street 
Watertown 

Glauber, Inc. 

Yonkers 


OHIO 


Hardware & Supply Company 
475-535 S. High Street 

Akron (11) 

Canton Supply Company 

938 Cleveland Avenue, S.W. 
Canton (2) 

Mutual Manufacturing & Supply Co. 
2901-33 Spring Grove Avenue 
Cincinnati (25) 

Cleveland Tool & Supply Company 
1427-37 West 6th Street 
Cleveland (13) 

Mau-Sherwood Supply Company 
800 Lime Road 

Cleveland (13) 

The Midwestern Rubber Company 
735 Carnegie Avenue 

Cleveland (15) 

W. M. Pattison Supply Company 
777 Rockwell Avenue 

Cleveland (14) 

Strong, Carlisle & Hammond Company 
1392 West Third Street 
Cleveland (13) 

George Worthington Company 
802-32 St. Clair Avenue N.W. 
Cleveland (1) 

Vorys Brothers 

63 E. Goodale Street 

Columbus (8) 

W. H. Kiefaber Company 

40 Keowee Street 

Dayton (1) 

W. H. Kiefaber Company 

1900 Fair Grove 

Hamilton 

Hardware & Supply Company 
Massillon 

M. P. Wilkins Supply Company 
P. O. Box 562 

Toledo (1) 


OKLAHOMA 


Buda Engine & Sales Service Company 
Oklahoma City 

Marshall Supply & Equipment Co. Inc. 
1241 West Main Street 

Oklahoma City 

Mideke Supply Company 

100 East Main Street 

Oklahoma City (2) 

Nix Industrial Supply 

2702 South High 

Oklahoma City 

Buda Engine Sales & Service Company 

Seminole 

Bethlehem Steel Corporation 

21 East Second Street 

Tulsa (3) 

= Engine Sales & Service Company 
ulsa 


Marshall Supply & Equipment Company, Inc. 


109 West First Street 
Tulsa (1) 


OREGON 


Woodbury Company 
133 S. W. Second Avenue 
Portland (4) 





PENNSYLVANIA 


Bovaird & Seyfang Manufacturing Co. 
161 Main Street 

Bradford 

B. H. Deacon Company, Inc. 
American & Huntingdon Streets 
Philadelphia (33) 

Downs-Smith Brass & Copper Co., Inc. 
120 North 32nd Street 
Philadelphia (4) 

McArdle & Cooney, Incorporated 
519 Arch Street 

Philadelphia (6) 
Parker-Armstrong Company 
2733-35-37 North 12th Street 
Philadelphia (33) 

Harris Pump & Supply Company 
Brady & Sidney Streets, S. S. 
Pittsburgh (3) 

F. R. Magill Company 

44 McKnight Street 

Pittsburgh (20) 

Shields Rubber Company 

137 Water Street 

Pittsburgh (22) 


RHODE ISLAND 


H. G. Davis, Inc. 
567 Pawtucket Avenue 
Pawtucket 


TEXAS 


Radcliff Supply Company 
501 East Third Street 
Amarillo 


Buda Engine & Equipment Company, Inc. 


1601 Dragon Street 

Dallas (2) 

Well Machinery & Supply Company, Inc. 
Main at Lancaster Avenue 

Fort Worth 

Hydraquip Corporation 

4008 Navigation Boulevard 

Houston 
Industrial Equip Comp 
6829 Navigation Boulevard 
P. O. Box 9155 

Houston (11) 











Republic Supply Company 
National Standard Building 
Houston (10) 

Wallace Company 

6945 Clinton Drive 

Houston (1) 

Bell Supply Company 

418 South Commerce Street 
Kilgore 

Industrial Supply Company 
500 Eighth Street 

Wichita Falls 


UTAH 
Eight, Incorporated 
160 S. 4th W. Street 
P. O. Box 2580 
Salt Lake City 
VIRGINIA 
Diesel Injection Sales & Service 
710 Union Street 
Norfolk 


WASHINGTON 
American Machine Works 
West 1027 Broadway Avenue 
Spokane (11) 

WEST VIRGINIA 
Industrial Rubber Products Company 
419 Court Street 
Charleston 
McJunkin Supply Company, Inc. 
P. O. Box 513 
Charleston (22) 


WISCONSIN 
F. D. Haker Company 
713 South 19th Street 
Milwaukee (4) 
Howard Brass & Copper Company, Inc. 
608 South Second Street 
Milwaukee (4) 
Shadbolt & Boyd Company 
413 North Second Street 
Milwaukee (1) 


WYOMING 
Buda Engine Sales & Service Company 
Casper 





Write Weatherhead for additional information, technical help or 
reference material. (Get catalogs E-1457 on Ermeto, F-1456 on Brass 
Fittings, H-1451A on Hose & Reusable Hose Ends.) Address:~ The 
Weatherhead Company, Dept. S$, 300 East 131st St., Cleveland 8, O. 


‘ dhe e Mark f Dually 


FIRST IN HYDRAULIC CONNECTIONS 
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Specify 
CONTROL 
— 


ASSEMBLY OF 
DESK CONTROL UNITS 


One reliable source 


—FOR ALL PANELBOARD 
AND HOUSING REQUIREMENTS 


You can depend on Falstrom for experienced 
design and expert workmanship in the building 
of panelboards, switchboards, cubicles, instru- 
ment panels, control centers and switchgear 
housings. Falstrom service includes the planning 
and production of distinctive, finished housings 


















with functional qualities that assure practical 
economical installations. Check with Falstrom, 
now. Fill out and mail handy coupon for details. 


FALSTROM 
COMPANY 

















Bi a 
Ea I am interested in the items 0 ee Ea 
2 checked. Please send complete wea 
fj information at once. —_____} 1 CHEMICAL mi 
TE NAME BOARDS | 
Se ogee 
—2] «COMPANY. EA 
fH street appress contro. «fal 
Ee a al CENTERS Ez 
city_.. ZONE... STA 








~TTTITITIii ili i li tilt ts 


Visit our booths Nos. 425, 426, at the 23rd Exposition of Chemical In- 
dustries, Grand Central Palace, New York City, Nov. 26 to Dec. 1, 1951 
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SPECIAL FEATURE 


Report on Europe’s Industrial and Instrument Fairs.. 1042 | 
By Richard Rimbach 







FEATURE ARTICLES 


Measurement and Control in the Utilization of Mixed 
Fuels and Oxygen in Open-hearth Furnaces 
By Martin J. Conway and Edward H. Cauger 
Instrumentation Minimizes the Welding Variable .... 
By J. Heuschkel 
Discussion and Closure: “Method for Correcting 
Orifice-meter Measurements for Flow 
Pulsations” by E. V. Hardway, Jr. (July 1951 
Instruments). 
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Instrument Electronics 
By Milton H. Aronson 










INSTRUMENTS ON THE MARCH 


R-f. Dielectric Standards 
Air-launched Automatic Weather Station 
AGA Issues Instrument Book 
Press Brake Features Photoelectric Control of Ram 

Motion 
Instrumentation Film 



























THE MONTH’S NEW INSTRUMENTS ...... 1056 























S 
OTHER REGULAR FEATURES L : 

ed 
a 1027 | b 

PMCHNURERL- TIOCIOUCS — oicscscscsscssssesseavecescsvegssateonssevdtbeoeniioreee 1079 A 
Manufacturers’ Literature Ss 1106 | A 
PAE WEEMAOED, PRNVA ON oss co5s0scessocsestevcotbcecasvenvsessopstoemicinatiene 1116 f s 
Ee 
JOURNAL of the : ; 
INSTRUMENT SOCIETY OF AMERICA ..... 1097 t 
t 
JOURNAL of the : 

SOUTHERN CALIFORNIA METER ASSOCIATION 

Measurement of Flow of Fluids through Orifice s 
PROUT KAGOMEIIBIOIND oo vvcsovcvscysconcccasducsucedcetenkectacescensncoeit 1101 d 


By William L. Cowan 








Ine. Office of 


Copyright 1951 hy The Instruments Publishing Company, 
Executive and 


publication, 1600 North Main St., Pontiac, Illinois. 
Editorial Office, 921 Ridge Avenue, Pittsburgh 12, Pa. 


Entered. as second class matter, October 14, 1949, at the post office 
at Pontiac, Illinois, under the act of March 3, 1879. 
















HERMETICALLY SEALED 


TEMPERATURE INDICATORS 
FOR AIRCRAFT 


TO “AN” AND AIR FORCE SPECIFICATIONS 


STURDY DEPENDABLE INSTRUMENTS... 
CONSTRUCTED BY SKILLED PERSONNEL... -«- 















THERMOCOUPLE THERMOMETERS 


Single or dual tailpipe temperature indicators with non-parallax dials, 
range zero to 1000°C, for use with chromel-alumel thermocouples . . . 





















Multi-function indicators with identi- 
fication plates for cylinder-head or 
bearing temperatures. Range, minus 
50 to 300°C, for use with iron-con- 
stantan thermocouples. 













1048 










The 2” indicators are designed for 
ring-clamp mounting or may be fur- 
nished with type A-1 removable bezel 
if specified . . . 

Special ranges to order... 


















































































053 | = RESISTANCE 
| THERMOMETERS 


: Single indicators with 2” 
standard case for ring 




















































027 | clamp mounting or may 
079 7 be furnished with type 
106 | A-1 removable bezel if 
116 | specified . .. 

















Multi-function types with identification plates. Range, 
i minus 50 to plus 50°C for free-air, carb-air or cabin- 
E air... range minus 70 to plus 150°C for oil or coolant 
temperatures .. . 














Heating-duct indicators, range minus 20 to plus 300°C Tie 
. . . cylinder-head indicators, range minus 50 to plus 
300°C for use with AN-B-31 bulb... 















































Special ranges to order . . . illustrated is oil temp gauge, range zero to plus 190°C... = 
All resistance thermometers operate on 28 volts DC. =a 


Al THE LEWIS ENGINEERING CO. 


Manufacturers of Complete Temperature: Measuring Systems for Aircraft 
NA,U GAT U CK, ee NE CT fae 





101 
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NEW EDITION. Contains many new facts and suggestions— more useful 
information than previous editions. , 


THIS BOOK WILL 
SAVE YOU MONEY 


ON THERMOCOUPLES AND PYROMETER ACCESSORIES 


Put this new 56-page buyers’ guide and users’ manual to work in 
your plant. Write for free copy today. 

Bristol’s new engineering handbook makes correct selection and ap- 
plication of pyrometer supplies an easy matter. Lists the widest variety 
of thermocouple assemblies, pyrometer tubes, terminal heads, thermo- 
couple wire and extension wire on the market. Address THE BRISTOL 
comPANY, 113 Bristol Road, Waterbury 20, Conn. (The Bristol Com- 
pany of Canada, Ltd., Toronto, Ont.) 


Let Us Show You How You Can Save Money By Using Bristol’s 
“Team-Up” Pyrometer Supplies Plan 


You save, first, by “teaming-up” your purchases of thermocouples 
and pyrometer accessories to take advantage of Bristol’s substantial 
quantity discounts. 

You save, second, by having adequate reserves always on hand, thus 
avoiding delivery delays which might be costly. 

Bristol carries stock for immediate shipment in Waterbury, Conn., 


Chicago and San Francisco. 


AUTOMATIC CONTROLLING, RECORDING 
AND TELEMETERING INSTRUMENTS 
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Published by 
The Instruments Publishing Company 
921 Ridge Avenue 
Pittsburgh 12, Penna. 












Richard Rimbach, Publisher 
M. F. Behar, Editor : 
Milton H. Aronson, Managing Editor ; 
James F. Emge, Assistant Editor 





DISTRICT OFFICES AND MANAGERS iF 


Altadena, Calif., M. D. Pugh, 2721 ne 
Marengo Ave., Telephone Syca. 
more 7-2894 


Boston 14, James Condon, 36 Myrtle St... 
Telephone Lafayette 30829 


Chicago 1, Harold W. Haskett, Room 
615, 360 N. Michigan Ave., Tele. 
phone Andover 3-4299 


Cincinnati 5, Harold W. Haskett, 742 
Elberon Ave., Telephone Grand- 
view 4323 


New York 17, Richard Rimbach, Jr, 
Room 349, 551 Fifth Ave., Tele. 
phone Murray Hill 2-0821 


Philadelphia 40, William J. Gallagher, 
Room 1102, Beury Bldg., 3701 N. 
Broad St., Telephone Baldwin 9- 
9940 


Pittsburgh 12, C. Goldcamp, 921 Ridge 
Ave., Telephone Fairfax 1-0161 


St. Louis 1, James R. Wright, Stephen 
E. Wright, 411 N. 10th St., Tele. 
phone Chestnut 1965 


London, W.C. 2, England. John C. N. 
Hughes, c/o T. G. Scott & Son, Ltd, 
9 Arundel St., Telephone Temple 
Bar 1942 





MEMBER SUBSORIPTION RATES 
For One, Two and Three Years. 
United States, U. 8. Possessions 
and Canada $3.00, $5.00, $6.00. 
Latin America and Australia $4.00, 
Audit Bu- $6.00, $8.00. 
bo oa All other countries except those noted 
below $5.00, $8.00, $10.00. 
For the present, subscriptions not accepted from Austris, 
Bulgaria, China, Czechoslovakia, Eastern Zone Germany, 
Hungary, India, Poland, Romania, Russia and Yugosla' 
Payments from outside the U. 8S. A. must be ia 
the form of an International Money Order o 
check on a U. S. bank. 
Position and company connection a8 well a 
products manufactured must be indicated in al 
subscription orders. 
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These diagrams show a few 
of the ways in which Sylphon 
bellows assemblies are used— 
where there’s a design problem 
involving control of temperatures 
or pressures. They open and close 
valves, dampers, etc., absorb ex- 
pansion, provide packless con- 
irand-§ struction, have many more uses. 





We've developed bellows assem- 
1, Jt,8 blies that are used in practically 
Tele every industry. It’s a specialty with 
us—has been for half-a-century. 
gher,, Skilled craftsmen and complete 
1 N, ; facilities produce exactly what you 

require, no matter how complex 
an assembly you need. 


Pri 


Your problem may parallel one 
we have solved for another cus- 
phen tomer. Or, we'll work with you. 
Tele) to develop an assembly for your 
specific application—making im- 


. NJ. portant savings for you in time, 
Ltd,— trouble and money. 
mple 


Wide range of metals and sizes. 
Write for information. Ask for 
idea-stirring Catalog RE-1200. 








ma i FULTON . 
ry SYLPHON 


nw DIVISION eo 
Knoxville 4, Tenn. 









TEMPERATURE CONTROLS 





8 ces 
FLLOWS Assematies - BELLOWS DEV! 





+ 
' 
J 


Fig. 1 Thermostatic Motor —This type 
of assembly is widely used in tempera- 
ture regulators, etc., where a thermo- 
static charge is confined in the bellows 
and where a valve, switch, damper, 
etc. is to be operated in response to 
temperature changes. 





Fig. 3 Pressure Motor —Bellows assem- 
hlies are often employed to convert 
pressure effects into controlled move- 
ment. Fig. 3 shows such an assembly 
where the pressure is applied inside 
the bellows. 


MOVEMENT 
FIXED 


Fig. 5 Exp ion Chamb This type 
of assembly is employed to absorb 
thermal or pressure expansion. With 
suitable heads, it would be used to 
serve as a reservoir for a liquid or \ 
Example: Oil reservoir for electrical 
cable joint. 


~ irom D 


JUV) 


o| —— 
UU 


Fig. 7 Motion Transmission—Two bel- 
lows assemblies joined by a tube for 
hydraulic transmission of motion or 
power. Motive force applied may be 
either thermostatic or mechanical. 
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geration compressors to prevent 
around oe shaft. Spring 
pressure holds nose of seal against 
shoulder on shaft. Another type used 
rotates with shaft and seals against 
stationary plate. 


Fim 9 Shaft Seal —Widely used for 
i ri 


ou 





} MOVEMENT : 
BULE 
TUBE 
Fig.2 Thermostatic Motor —This assem- 
bly is used where it is desirable to 
have the thermostatic charge confined 
outside the bellows and within a cup. 


May be used with or without remote 
bulb shown. 


| | MOVEMENT 


fig. 4 Pressure Motor —This assembly 
differs from Fig. 3 in that the pressure 
is applied outside the bellows and 
within a cup. 





Fig. 6 Expansion Joint —Packless and 
leakless construction for expansion 
joints used to absorb thermal expan- 
sion of pipe lines carrying steam, water, 
etc. May be used to absorb vibration 
and provide flexible connection for 
other applications. 





‘ 
Fig. 8 Packless Construction —Illustrat- 
ing packless valve construction. Same 
principle used to seal stem movement or 
adjustment in many types. of apparatus. 





Fig. 10 Flexible Joint —Providing a 
means to seal a flexible joint or mechan- 
ical movement of levers, linkage, etc., 
against leakage where the movement 
must be conveyed outside an enclosure. 
Example: Operating stem of float 
switches, etc. 








‘BRIDGEPORT 
THERMOSTAT 


DIVISION — 
Bridgeport 1, Conn. 
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Where instrument accuracy 


LA 


is a Must’... 
specify Westinghouse 


The use of Westinghouse instruments as “‘standards” on RCA’s Master Tube 
Test Stations demonstrates how they measure up to your need for accurate 
measurement of any electrical quantity. 

In order to reliably measure the quality of all types of electronic tubes the 
instruments have to consistently maintain precise accuracy. Westinghouse 
Switchboard Instruments not only fulfill this requirement but provide im- 
portant plus benefits as well: Easier readability—to simplify the operator’s 
job... and co-ordinated space-saving design—to contribute to the functional 
compactness of the unit. 

Here’s further assurance of quality: all Westinghouse switchboard panel, 
portable and recording instruments are built to meet the rigid performance 
requirements of the American Standards Association. Moreover, you can 
select from... 


The most complete line in the industry! 


You get a wider selection for every need whether it be a-c or d-c current 
and voltage, single or polyphase circuits, watts or vars, frequency, power 
factor, synchroscopes, temperature indicators, ground detectors or synchrotie 
(position indicators). And you get... 


Competent application assistance! 


Westinghouse Instrument Application Engineers are available to consult 
with and serve you in selecting and applying the proper instruments for your 
application. Simply call your nearest Westinghouse office. 

For complete information about Westinghouse Instruments write for Book- 
let B-4696. Address: Westinghouse Electric Corporation, P.O. Box No. 868, 
Pittsburgh 30, Pennsylvania. J-40400 





INSTRUMENTS 
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Ww Vt * Die Cast Aluminum Jackets 
vx Sand Cast Aluminum Jackets 
* Celastic Covers 
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Complete assemblies with 
Permendur, steel or alumi- 
> num bases, inserts and 
keepers as specified. Mag- 
netized and stabilized as 





required. 








RESSURE TIGHT 
| WITHOUT , 
| LUBRICATION /4 


NEW TEFLON-SEAL STUFFING BOX 


le, 


=“ 


CUTS METER MAINTENANCE 


ELIMINATES LEAKS Tefion-Seal Stuffing Boxes have been operating for 
more than two years without servicing in thousands of 
4 orifice meter installations! Applications such as sour 
gas, wet gas, caustic solutions — almost every 
3 L I M ; N ATES S H A FT FRE 74 I N G conceivable service — have failed to impair meter 
operation. Maintenance problems are drastically 
reduced or eliminated! 


The Tefion-Seal bearing is pressure-sealing around a 
precision made, centerless-ground Monel metal shaft, 
without grease and with minimum friction. All other 
stuffing box parts are corrosion resistant stainless 
steel. The Teflon-Seal Stuffing Box is suitable for 
ambient meter temperatures to 150°F. and working 
pressures to 1800 psi. Units are adaptable to older 
types of orifice meters now in service. 


STANDARD IN ’ Here is another example of American Meter 


3 Company’s policy of constant product improvement 
1800 PSI j to uphold a century-old tradition of ‘‘Sustained 
Accuracy at Lower Cost.” 


ORIFICE METERS See our display, booth 101-5, Sixth National 


Instrument Exhibit, Sam Houston Coliseum, Houston, 
Texas, September 10-14. 


PROPERTIES OF TEFLON 


Tefion (polytetrafluoroethylene) is a synthetic polymer 
with the following properties: low coefficient of fric- 
tion — zero water absorption — high impact strength 
—toughness—form stability—and exceptional 
chemical inertness, It retains gth ot P 
from—100°F. to 550°F. and does not stick or ‘*weld’* 
to other materials. It resists the attack of all known 
solvents except molten alkali metals, with no change 
in weight or properties. 








GENERAL SALES OFFICE: 1513 Race St., Philadelphia | - 
Albany . Alhambra ° Amarillo ° Atlanta ° Baltimore MERICAN 
Birmingham * Boston * Chicago * Dollaos * Denver ¢* Erie ci ” 


Houston * Kansos City * Los Angeles * New York * Odessa | ~ i) @ Oe Oe 4 (62th) B27, OS @ 


Pittsburgh ° San Francisco ° Tulsa ° Hamilton, Ontario 
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WHEN SELECTING 
LEVEL CONTROLLERS 


Use the Co Method—Evaluate 
‘ All the Quality Factors 


One well designed and manufactured part 
does not make a level controller that will 
“provide accurate performance over a long 
period with a minimum of maintenance and 
operation delays.” Every part must be de- 
signed and manufactured so that all combine 
to make a controller which incorporates 
wise selection of materials for the intended 
service; skillful design for accurate opera- 
tion; and experience which forestalls the 
difficulties you are likely to encounter in the 
fietd. 

So in selecting level controllers, use the 
Cg Method — evaluate a// the quality factors 
in relation to your standards. The sum of the 
value of all these factors is the Cg (Quality 
Coefficient). A product with a high Cog will 
give you the performance you have a right to 
expect. And in considering price, don’t for- 
get the over-all cost* is lowest for a high Cg 
product. For comparison purposes — among 
comparably priced controllers 


Real Cost = Price 
Q 


Look at the whole picture — use the Cg 
Method — evaluate a// the quality factors. 


*Purchase price plus cost of maintenance and down-time. 
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INSTANT RESPONSE 
TO 
PROCESS CHANGES 














FOR ALL CONTROL APPLICATIONS — 


Flow, temperature, pressure level and other process variables. 


FOR GREATEST ECONOMY IN APPLICATION — 

Three control forms available. 
FOR OPTIMUM FLEXIBILITY— 

Universal bracket for control room, valve yoke or structure mounting. 
FOR EASY MAINTENANCE — 


Coded, interchangeable sections. Split manifold permits removal of 
controller while on manual by-pass. 


For detailed information, write for a copy of Specification Sheet No. 768 . . . and call in our 
local engineering representative for a discussion of your process needs. 


MINNEAPOLIS-HONEYWELL REGULATOR Co., Industrial Division, 4482 Wayne Ave., Philadelphia 44, Pa. 


Honeywell 








Taylor TRANSAIRE* Transmitters virtually elim- 
inate time lag in measuring and transmitting 
smallest temperature and pressure changes. 
Temperature model (/eft) has derivative action, 
Sprep-Act*, in measuring circuit, which as- 
sures dynamic accuracy under changing con- 
ditions. Pressure model (right) will detect 
changes of 1/10 of 1% of the range span, ac- 
curate to 1/2% of span rather than pressure 
level. Temperature and barometric compen- 
sation assure consistent accuracy. 














Taylor Differential Pressure Manometers give accurate, de- 
pendable measurement of flow, liquid level and specific 
gravity. Mercury model (/eft) is accurate to 4% of 1% 
of the range, has interchangeable tubes for continuous 
ranges from 10 to 500 inches of water. Aneroid (mercury- 
less) models (right) of 300 and 1500 psi working pres- 
sures. Range limits: 0 to 20’’ to 0 to 500” water. Also 
available in all-316 stainless steel for corrosive mediums. 
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The TRANSET Recorder (/eft)) has 
automatic-manual unit, re- 
mote set-point adjustment and 
valve position indicator. Takes 
only 43%’’ x 5’’ panel space, 


























The TRANSET Indicator (right) 
has all the features of the 
Transet Recorder, but gives 
no chart record. Easy reading 
34%” dial, mounts in same 
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gives a continuous 30-day __ size panel opening as TRANSET Contr 
linear chart record, with 3 Recorder. ‘al 
hours visible. Electric or pneu- be a 
matic chart drives. A wic 
systen 
ceivin 
TRANSET Receiving Flow Taylor 84JF Recording Re- ios 
Integrator (/eft) also — ceiver (right) is an alter- p a 
takes just 43@’’ x 5’’ nate part of the Tran- : ae 
panel space. Ittotalsthe ser System designed for corpe 
flow of liquids and gas- those who want match- techn 
es, is available in square _ ing cases on convention- step 
rootorlinearforms.Like al panel boards. Has all advar 
the other Transet Re- __ the features of the small 
ceivers, its small size | Transet Recorder, but i 
makes it ideal for gra- _ utilizes standard 12’’ cir- sdb 
phic panels. éular charts. _— 
in an 


















The TRI-ACT* Controller (right) is a force-balance pneumatic 
controller with a new circuit embodying three control 
responses: proportional, Pre-Act* (rate action) and auto- 
matic reset. Gives precise control never before believed 
possible, with faster, more stable recovery on load 
changes, no overpeaking on start-up. Can be locally or 
panel mounted. 


BI-ACT* is TRI-ACT's little brother. The Br-Acr Controller 
Cleft) is a lower cost instrument with two control re- 
sponses, proportional and automatic reset, both adjusted 
with one stability knob. It’s the ideal instrument for 
dependable, accurate performance on those applications 
where the quality of control obtainable with derivative 
response is not essential. 
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with Taylor’s TRANSET* System 
regulating any process variable 





ba ANSWER to almost any industrial control prob- 
lem is on these pages. Taylor’s New TRANSET 
Control System can control practically any process 
variable, with a precision never before possible. 


A wide variety of units available within each of the 
system’s three steps, measuring, controlling and re- 
ceiving, makes TRANSET Control 
adaptable to fit your control re- 
quirement perfectly. Each unit in- 
corporates brand-new features and 
techniques, and the units in each 
step are designed to take fullest 
advantage of the superior perform- 
ance of units in the othef steps. 
It’s an unbeatable team that can cut 
costs and improve product quality 
in any process industry. 


wpbenitg | SOCIETY 


NA’ 
INSTRUM| NT 


CONFERE 
and EXHIB 


SEPTEMBER 
10-14 © 1951 


IAM HOUSTON COLrsiUn 
HOUSTON, TEXA: 








*Trade-Mark 


For full information on how you can profit from Taylor 
TRANSET Control, ask your Taylor Field Engineer, or 
write for Bulletin 98097. Taylor Instrument ——— 
Rochester, N. Y., or Toronto, Canada. = 
Instruments for indicating, recording and | 
controlling temperature, pressure, flow, liquid 
level, speed, density, load and humidity. 


.—* Instruments 
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ACCURACY FIRST 
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When you're comparing waveshapes it takes the “photographic memory” of 
a camera to give you the whole story in accurate, permanent form. 

Until recently, photographic oscilloscope recording called for considerable 
trouble in setting up equipment and a long time period for developing the 
results. But today, with the Fairchild-Polaroid Oscilloscope Camera, it’s an 
easy job to record as many traces as are needed. 

Take a look at the prints below. They provided the engineer with valuable 
bur inexpensive records for immediate evaluation. All were removed from 
the camera oné minute after the final exposure was made. 


Where “Photographic Memory’} 





1. BEFORE AND AFTER. A visual comparison 
of “‘before and after’’ conditions is an easy job 
for the ‘‘one step’’ camera. Here, the upper trace 
shows the output of a full wave rectified power 
supply with insufficient filtering. The lower trace 
shows the effectiveness of the addition of a fil- 
tering condenser. The camera is easily adjusted 
to two positions (upper and lower) for two ex- 
posures; traces are exactly one half scope size. 





A minute after you've pulled the tab a finished 
print is ready for evaluation. 





2. SUPERIMPOSING FOR COMPARISON. The 
problem—determine the maximum time-interval 
variation between successive camera shutter open- 
ings and flash circuit closings. Instead of cade 
measuring successive scope traces, the engineer 
superimposed several exposures for easy compari- 
son. The length of the trace before the shutter 
opened is a measure of the time between the elec- 
trical contact closing and camera shutter opening. 








SPECIFICATIONS 


Lens and Shutter—Choice of 75mm £2.8 Wollensak Oscillo-Apastig- 
mat with #2 Alphax shutter having speeds of 1/25 sec. to 
1/100 sec., “time” and “bulb”; or, 75mm £1.9 Wollensak 
Oscillo-Anastigmat with #3 Alphax shutter having speeds of 
1 sec. to 1/ sec., “time” and “‘bulb’’. 

Picture Size—31/4, x 41% in. (2 or more images per print; 16 expo- 
sures per roll of film. 

image $ize—One-half reduction of scope image. 

Writing Speed—With 2.8 lens, up to 1 in/usec at only 3000V 
accelerating potential; higher speeds at higher voltages. With 
£1.9 lens these values are approximately doubled. 

Dimensions—Camera, 10/2 x 514 x 61% in.; hood, 11 in. length, 

72 in. dia; adapter, 2 in. width, 656 in. max. dia. 

Weight—Complete, 734 Ib. 





The stories of 3 “One Minute” Oscillograms 





3. MULTIPLE EXPOSURE PRE-SOLARIZATION, 
Here, by making 3 successive exposures on each 
half of the print, the engineer was able to re- 
cord performance of a camera shutter at its 
1/100, 1/200, 1/400 second (upper) and 
1/25, 1/50, and 1/100 second settings (lower). 
“Pre-solarizing,’’ the process of pre-exposing the 
print with the trace off the screen, made it possi- 
ble to record the high writing speeds involved. 





for still or continuous-motion 
oscilloscope recording on 35-mm film or paper 














—THE FAIRCHILD 
OSCILLO-RECORD CAMERA 


The Fairchild Oscillo-Record Camera 
is the first unit specificaliy designed 
for the purpose of recording cath- 
ode-ray tube images. Features: rec- 
ords still or continuous motion on 
standard 35-mm film or paper, film 
footage indicator, electronic speed 
control—1 to 3600 in./min., film 
capacity — 100, 400 or 1000 feet. 








Fairchild-Polaroid Oscilloscope Camera Kits include camera, carrying 
case and film. Write today for complete data on the Fairchild-Polaroid 
and Fairchild Oscillo-Record Cameras. Fairchild Camera and Instrv- 
ment Corp., 88-06 Van Wyck Blvd., Jamaica 1, N. Y. Dept. 120-15Fl. 


—fAIRGHILD 


‘OSCILLOSCOPE RECORDING CAMERAS 
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A NEW APPROACH IN AIRCRAFT TORQUE PRESSURE INSTRUMENTATION 


Provides complete freedom from the attacks of 
sand, dust, fungus, salt fog and humidity 


LOOK AT THESE EXCITING “FIRSTS”... 


e Hermetically sealed and helium protected pressure and 
electrical elements. 

e Nispan “C” pressure elements eliminating bimetallic 
compensation. 

¢ Higher precision in remote transmission. 


@ Smaller and lighter in weight with tear-strip ease of 
disassembly. 


e External adjustment through hermetic seal. 


e Isolating link and pressure pick up for temperature 
extremes of —85 and +230 F. 





USG 
Fuel Pressure Gauge 
Pressure Gauge 


Lully Z Mages C1 Cngtitt0ltt Va Cutan Secure 





Pressure Gauge 


In this Synchro Torque Pressure Transmitter one element 
measures the pressure and the other the ambient outside 
pressure. Together, these two Nispan elements measure 
the applied pressure in a sealed case charged with an 
inert gas, and transmit an electrical signal through a 
glass-to-metal connector. 

This refreshing solution to a difficult problem leads a 
whole flight of new direct-connected clamp-on pressure 
indicators for oil, fuel, manifold, and hydraulic pressures. 
United States Gauge, Division of 
American Machine and Metals, Inc., 
Sellersville, Pa. 


Hydraulic 





PRODUCTS OF UNITED STATES GAUGE... Absolute Pressure Gauges « Aircraft Instruments ¢ Air Volume Controls * Altitude Gauges * Boiler Gauges 
Chemical Gauges « Mercury, Gas, and Vapor Dial Thermometers * Glass Tube and Industrial Thermometers * Flow Meters © Inspectors’ Test Gauges 


Precision Laboratory Test Gauges * Marine, Ship and Air-Brake Gauges * Voltmeters * Ammeters « Welding Gauges 


OTHER DIVISIONS OF AMERICAN MACHINE AND METALS, INC., AT SELLERSVILLE, PA.: GOTHAM INSTRUMENTS AND AUTOBAR SYSTEMS, 
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ON AUTOMATIC 
REGULATING VALVES? 


YOU'LL FIND THESE KLIPFEL BULLETINS 
PRACTICAL, FACTUAL AND USEFUL! 


Klipfel engineers have put a lot of experience and re. 
search into these bulletins to make them useful to you.., 
the man who uses or specifies automatic regulating valves, 
Each bulletin covers such points as: the advantages and 
limitations of different valve constructions; selecting the 
proper type valve for given operating conditions; deter. 
mining the most effective and economic size valve for 
the job. 

In short, Klipfel engineers have prepared these bulletins 
to assist you in selecting the type and size valve best 
suited to your needs. 

Write Dept. DA9 for any bulletins you wish. We'll gladly 
send them to you. 


























KLIPFEL REDUCING VALVES 

for steam, air and water ... in lever 
and weight, air loaded, pilot control 
and spring loaded types; descrip- 
tions, illustrations and complete 
selection data in Bulletin 148. 


KLIPFEL FLOAT VALVES 

Single and double seated types with direct action or 
pilot control for remote location. Types shown in- ; 
clude quick-acting valves; all are available in angle 
and globe patterns. Bulletin 349. 


KLIPFEL THERMOSTATIC VALVES 

vapor pressure operated valves with spring 
or weight and lever loading. Valves are ball 
type, balanced cup and disc or balanced in- 
ner valves. Min. temp. 80°. Max. temp. 250°. 
Range limit of any instrument 40° _— Full 
data in Bulletin 449. 


KLIPFEL BACK PRESSURE AND RELIEF VALVES 
for control of air, steam and water pressures at 
the valve inlet in various types for practically any 
service. Bulletin 648 gives complete details in- 
cluding dimensions and capacities. 


VALVES INCORPORATED 
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DIVISION OF HAMILTON - THOMAS CORPORATION, HAMILTON, OHIO 
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PRECISION 
; PRESSURE 
"| ntoducing | CALIBRATIO. 
| alge 


The new W&T Precision Calibrating 
Standard offers an accurate and convenient 
means for measuring either absolute or differ- 
ential pressure. Consisting of a mercury 
column designed for convenient bench mount- 
ing it provides a custom calibrated range of 
800 mm. Hg. in any desired units. For pre- 
cision calibrations, readings to 0.01 mm. 
mercury with an accuracy of 1 part in 5000 
/ | are made possible by a unique magnetic ver- 
nier. Dependable and consistent results allow 
for its use in the calibration of such pressure 
sensitive instruments as aircraft altimeters, 





—n sas 


Outstanding features of the W&T Precision Cali- 
brating Standard include: 





_ surveying altimeters, meteorological barom- Range of Absolute or . 0 to 800 mm. Hg. by 1 mm. 
_ eters, laboratory barometers and for absolute Differential Pressure:) ( or any other units 
pressure elements having a controlling or Magnetic Vernier 
telemeterin g function Graduations . .......0.c5:00..6.004 One-tenth scale graduation 
DOCUDNOG Eo 2ssc2ssinsritictinfeeeks 1 part in 5000 


Built-in Thermometer 


Temperature and gravity 
compensated scale 





Full-range indication 


WALLACE & TIERNAN 
PRODUCTS, INC. 


ELECTRICAL MECHANISA 


Filtered pressure inlet 


Meniscus reading eliminated 


MENTS 
MENTS 





Belleville 9, New Jersey e Represented in Principal Cities 





A-88 
+ 





MA 
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THE R-S BOOK OF EXPERIENCE © 


R-S VALVES simplify the 
Control and Shut-off of 
Volume and Pressure from 
2 to 2500 psig. Write for 
catalogs 17 and 18, 


No. 739-740—Sixty-inch, 50-pound 


ie Heavy Duty Valve with gear reduce 
He tion drive and handwheel for 
ts handling water at 40 psig. Vertical 


valve stem enclosed in steel pipe 
support. Thrust bearing absorbs 


Simplicity iE 


Correctly engineered mechanically and metal- 
lurgically, all body assemblies of R-S Valves equal 
or exceed A. S. A. standards in every detail. These 
valves are designed and constructed for rugged le Fates uae 
service and provided with such safety factors that oanoe wal ail 
they will exceed service expectations as well as re- nese 


duce pumping and blower costs. 

Consider also the few working parts, greater con- 
trol rangeability, the self-cleaning feature and 
the fact that R-S Valves are readily adapted to 
automatic operation. Know the rugged simplicity 





of R-S Valves, and get the most from your valve 





investment. 
District offices are listed in telephone direc- 


tories as, ‘““R-S Products Corp’n Valves”. No. 767—A 3-Way Valve (Two 24-inch 
4 125-pound Cast Iron Valves bolted to 
125-pound American ‘Standard Tee). 


R-§S PRODUCTS CORPORATION ee Electric motor operated by cross linkage. 


Automatic declutching handwheel for 
4600 Germantown Avenue, Philadelphia 44, Pa. emergency operation. 
An S. Morgan Smith Company Subsidiary 
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AMERICAN METER COMPANY’S 


Dallas Plant 


New Convenience for the Southwest Area 


You are cordially invited to visit our new plant 
and showroom at ]300 Industrial Boulevard, 
Dallas. Designed to specialize in the produc- 
tion of Orifice Meters and related equipment, 
it speeds deliveries and makes possible a per- 
sonalized, sales-engineering service including 


ARTUR, 


consultations on instrument problems. 

The new showrooms afford complete facilities 
for conducting Instrument Schools for engi- 
neers and maintenance men. The complete line 
of American Meter Company products will 
also be on permanent display. 


GENERAL SALES OFFICE: 1513 Race St., Philadelphia 


Erie * Houston * Kansas City * Los Angeles * New 


AMERICAN 
Veer Wi E R i | CAN Albany © Alhambra * Amarillo * Atlanta * Baltimore 
COMPANY Birmingham * Boston * Chicago * Dallas * Denver 


METER COMPANY 


INCORPORATED (ESTABLISHED 1836) 


York © Odessa °* Pittsburgh * Son Francisco * Tulsa 
Canadian Meter Co., Ltd., Hamilton, Ontario 
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GREATER POWER 


for GREATER ACCURACY 


The Didphragm Motor of the far-advanced K & M 
Control Valve is designed for the more exacting needs 
of modern process industries. An unusually high 
power-factor is obtained by the carefully-engineered 
relationship of large effective diaphragm area and 
heavy, calibrated spring; friction is negligible, inner 
valve positioning more precise. The diaphragm is 
specially designed for constant affinity with the but- 
ton contour; this assures a uniform effective area 
throughout the complete valve stroke, thus more uni- 
formly accurate control. The unusually large area of 
the diaphragm in relation to the valve'size also helps 
assure more precise control. 


K & M motors are available for direct action or 
reverse action without change in effective area or 
stroke. 






































INNER VALVE TRAVEL INCHES 
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VALVE SIZE Valves. 


DIAPHRAGM AREA-SQ INCHES 18 


KIELEY & MUELLER 


Established 1879 
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Diaphragm contour 
molded for larger 
effective area and 
full contact with 
diaphragm button 
throughout complete 
stroke — keeps ef- 
fective area uni- 
form at all travels; 
full benefit of care- 
fully engineered in- 


mer valve chorac- J 


teristic is assured, 


yr 
7 


Heavy, calibrated, 
long-travel springs 
combine with large 
diaphragm to give 
unusually high pow- 
er-factor; friction 
made negligible, in- 
ner valve position- 
ing extremely pre- 
cise. 


Chart shows effective diaphragm 
y oreas and valve travels on K & M 
~? @hRe2 chs 48s 6 8 woe Series 1200 and 1400 Control 


New-type topworks with 


open yoke of cast steel, : 
Combines accessibility x 
with strength and resis. _ 


ance to shock, 
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| A Brush Analyzer drew the graph above when 


one of the subscribers of an eastern telephone com- 
pany picked up his phone and dialed WU 2-1186. 


This record—drawn automatically in the time 
it took to dial the number—shows the timing and 
magnitude of every electrical impulse involved in 
the complex operation. Such records of impulses 
from the dials of both subscribers and operators 
provide the tip-off on equipments which require 
adjustment or repair. 


This check on fast relay operation is but one 
of hundreds of investigations of electrical and 












mechanical phenomena which are being made 
speedily with Brush Analyzers. They record 
instantaneously. They simplify the study of 
strains, displacements, pressures, light intensities, 
temperatures, d-c or a-c voltages or currents. 


What’s wrong with 
telephone WU 2-1186? 





CHART NO. BL 908 


























PRINTED IN U.S.A. 


Fast relays checked by BRUSH Analyzer 


Write for time-saving help stating your prob- 
lems. The Brush Development Company, Dept. 
A-6, 3405 Perkins Avenue, Cleveland 14, Ohio, 
U. S. A. Canadian Representatives: A. C. Wickman 
(Canada) Limited, P. O. Box 9, Station N, Toronto 
14, Ontario. 


Put thin antling witha 
BRUSH RECORDING ANALYZER 


" Ceuth Bi 


DEVELOPMENT COMPANY 


@ PIEZOELECTRIC CRYSTALS AND CERAMICS * MAGNETIC RECORDING 
ELECTROACOUSTICS * ULTRASONICS « INDUSTRIAL & RESEARCH INSTRUMENTS 
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mercury actuated Dial Thermometers 


\ nen 


now in three types to suit any requirements 180 


7’ ® 
3 ' 200 
Rigid Stem 
Dial Thermometer ¢, & 


—™ 22q 
Rigid stem tapered bulb, inter- 24 } 
changeable with standard industrial -- "hep, PALMER 
thermometer separable socket. ei Ciye METERS, INC. 
“ome! MATI, f) 





Wall Mounted 
Dial Thermometer 


Wall mounted dial thermometer 
with flexible connecting armor. 
Case adjustable to easy 
reading position. 








Flush Mounted 
Dial Thermometer 


Flush mounted style for panel 
mounting with flexible 
connecting armor. 








All three types have 
a full 41/,” dial Face 





for accuracy: Mercury actuated ... Fully Compensated by Invar Stem can be placed at any 


(Compensation. Guaranteed Accurate 1 scale division. “1 ‘fi angle and case can be rotated 
for angularity: Can be adjusted to most readable position at | TUB to any readable position. 

any angle desired. 

for readability: Bold Black Numbers...11” of scale Reading 

Dial face can always be placed in easiest readable position. 

for interchangeability: Always specify “PALMER” Separable 

sockets as they are interchangeable for Dial or Industrial type 

Thermometers. 


Visit our Booth No. 140-142 at the National Instrument Con- 
ference and Exhibit, Houston, Texas, September 10-14, 1951. 


THERMOMETERS, INC. arm 
Mfrs. of Industrial Laboratory, SEND FOR THIS BULLETIN 
Recording and Dial Thermometers For details on the New Palmer 
Dial Thermometer, please write 
2511NORWOOD AVE., CINCINNATI 12, 0. for Palmer Bulletin 51-129, 
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OF AMERICAN D.C. AMPLIFIER... 
WITH THE MICROSEN BALANCE... 


CREATES NEW APPROACHES FOR RESEARCH 
AND PROCESS DEVELOPMENT 


The American D. C. Amplifier — a new, unique electro 
mechanical feedback amplifier — assures stable, accurate 
D. C. amplification so vital in engineering and process 
research. 


The heart of this precision instrument is the power- 
actuated Microsen Balance, a unit extremely sensitive 
to low power input — insensitive to line voltage varia- 
tions. It maintains continuous equilibrium between the 
forces created by the input current and those resulting 
from the output current. Consequently, the result is pre- 
cision D.C. amplification. 


The American D. C. Amplifier is highly versatile. Some 
fields of measurement in which it is applied are: elec- 
tronics, electrical bridges, electrolysis, gas analysis, pho- 
tometry, and thermometry. It has been used with Pirani | 
gauges, photocells, and ionization gauges. Standard units | 
include Voltage, Current, and Potentiometer Amplifiers, 
D. C. Converters and D. C. Transformers. | NAME 
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MANNING, MAXWELL & MOORE, INC. 
250 East Main Street, Stratford, Connecticut 
C] Please send me American D. C. Amplifier bulletin. 


(0 Application specifications and/or specific queries 
attached. 





TITLE. 

COMPANY 
ADDRESS 
CITY/ZONE STATE. 








The American D. C. Amplifier is low in 





cost, easy to operate, compact, portable. 
Special designs can be engineered, if > 
specific details are supplied. Mail the 

coupon for complete details. Dey eie gen eM EE NR, TORN M EO, SME CO ely em SL er E I ANP 





A product of MANNING, MAXWELL & MOORE, INC. STRATFORD, CONNECTICUT 


MAKERS OF ‘AMERICAN’ ELECTRICAL AND INDUSTRIAL INSTRUMENTS, ‘HANCOCK’ VALVES, ‘ASHCROFT’ GAUGES, 
‘CONSOLIDATED’ SAFETY AND RELIEF VALVES. BUILDERS OF “SHAW-BOX” CRANES, ‘BUDGIT’ AND 
‘LOAD LIFTER’ HOISTS AND OTHER LIFTING SPECIALTIES, 
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another Case History for 





















COURTESY UNITED STATES RUBBER CO. 


Success of the hydraulic IMPULSE TESTER 
designed by engineers of the United States 
Rubber Company has provided a conclusive 
and accurate method for evaluating the 
design and performance of flexible hydraulic / 
hose. 


COURTESY UNITED STATES RUBBER Co. 


With its slow, driven sweeps, and d-c amplification, the Du Mont Type 250-AH| 
CATHODE-RAY OSCILLOGRAPH is an important key to the accuracy of this “fatigue 
test,” and to the proper operation of the impulse-test equipment. 











@ Engineers of the United States Rubber Company have designed 
and built a prime mover whose pressure output can be tailored Plant 
to conform with strict impulse-test specifications — particularly 
those for hydraulic hose MIL-H5511 and MIL-H5512. 

: Through their development, it is now possible to produce 


a n a p p ro ved test-proved hose for the hydraulic systems operating 
landing gears and control surfaces in government aircraft. 
And their understanding of the inherent capabilities 
hydra ulic of the cathode-ray oscillograph and its application has contributed 
to the completeness and accuracy of this impulse-test technique. 


Thirty five times a minute, for fifty continuous hours, 
test lengths of the hydraulic hose are subjected to controlled 


@ 
dynamic pressure pulses which rise to 150% 
of rated pressure. Air-aged, oil-aged, and unaged hose 
is impulse-tested under conditions of excessive tension and 


unusual compression and must withstand the stresses 
applied under these hydraulic shocks without exhibiting fatigue. 


Simultaneously, each control-impulse cycle is applied 
to the cathode-ray oscillograph, where both static 
and dynamic levels of the pressure pulse are recorded. 
And, because the pressure pattern can be observed 


in complete detail on the cathode-ray oscillograph, 
slightest deformation of the hose is detected 
as a deviation from the specified pressure-pulse pattern. 


Also, faulty operation of the Impulse Tester can be detected 
on the cathode-ray oscillograph. And by proper interpretation 
of this pattern, troubles can be localized and corrected quickly. 


The functions of the cathode-ray oscillograph in this hydraulic 


application are but typical of the diversity of fields 
in which it is finding more and more important uses. 
0 / 


Allen B. Du Mont Laboratories, Inc., Instrument Division, 1006 Main Ave., Clifton, N.J. 















AUT 
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Anybody Car 
Take Care of a 


BRISTOL 
SERIES 500 
CONTROLLER 


Only One 
Simple Adjustment 


Write or call your local Bristol representative. And write for Bulle- 
tin A120, THE BRISTOL COMPANY, 113 Bristol Road, Waterbury 
20, Conn, 


TELEMETERING INSTRUMENTS, 
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How to burn Multiple Fuels efficientl 














O,—NATURAL GAS 





O,—#1. OlL 


O,—#6 OIL 








O,—ANTHRACITE & 
SEMI-BIT. COAL 
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Oxygen and Oxygen alone gives you an undistorted picture of the amount of excess air present. 


When switching from one fuel to another or burning more 
than one fuel at the same time, you can realize large savings 
with a continuous indication of Oxygen content in your flue 
gas—because Oxygen and Oxygen alone gives you an undis- 
torted picture of the amount of excess air present. 

= This fact is borne out by the graph showing the relationship 
of excess air to CO, and O, in the flue gas of five common 
fuels. While the O, curves nearly coincide (especially in the 
important 30% excess air range) the CO, curves diverge 
widely. 

Large Savings Possible 


This deviation was costing a medium sized refinery in Mich- 
igan $35-40 per day in boiler room fuel costs. Burning a 
combination of oil and gas they found that a combustion 
control system to handle their multiple fuel firing conditions 
would cost more than their small boilers. 

They purchased a Hays Magno-Therm Oxygen Recorder, 
and immediately found that their boiler operation was so 


THE HAYS CORPORATION 


MICHIGAN City 8, INDIANA 
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inefficient that the pen would not stay on the 0-10% chan. 
However, by operating with reference to the O, recorder 
they were able to reduce fuel costs enough to pay for the 
instrument in 40 days. 


With the Hays Magno-Therm Oxygen Recorder you get: 


Continuous, highly accurate indication and recording. 
Complete compensation for temperature and pressure effects. | 
Freedom from chemicals or hazardous fuel burning in the) 
analyzing process. : 
Swift, sure electronic operation. 


If you are facing the problem of mul 
ple fuel combustion, you will want a 
detailed copy of this O,-CO, Compari- 
son Graph as well as Hays Bulletin 
50-829—describing the Magno-Therm 
Oxygen Recorder. Write for this free 
information. 


Veriflow Meters and Veritrol * Gas Analyzers ° Draft Gog 


Automatic Combustion Control * Boiler Panels * Hays-Penn Flowmelm 
: Combustion Test Sets © COs Recorders * Electronic Oxygen Records 
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230V. LINE 
NSV. LINE 














460V LINE 
| vi LINE 


| POWERSIAT SE Te 


VARIABLE 
TRANSFORMERS Sa 












































A COMPLETE LINE of standard manually-operated and 
motor-driven POWERSTAT variable transformers are available 
for 115, 230 and 460 volts, 50/60 cycles, single and three 
phase service in ratings from 405 VA to 100 KVA in air-cooled, 
oil-cooled and explosion-proof models. Non-catalogued assem- 
blies are offered for 25, 400/800 cycles and higher frequency 


operation and for requirements involving J.A.N. specifications. 


SUPERIOR PERFORMANCE is inherent in every 
POWERSTAT variable transformer. Each unit possesses excel- 
lent regulation, high efficiency, conservative rating, zero 
waveform distortion, rugged mechanical construction, smooth 


control and simplified mounting. 


ONE SOURCE, The Superior Electric Company can pro- 
vide the answer to your variable a-c voltage problem. Superior 
offers more combinations of connections and ratings for vari- 
able a-c voltage control than any other manufacturer. Look 


to Superior first. 


TYPE 2PF1126 tHe SUPERIOR ELECTRIC co. ot secimnciitiiinns 


TYPE MZ1126-3Y UE MR GEO A | 





GET THE FACTS 709 CHURCH STREET, BRISTOL, CONNECTICUT 
16-page POWERSTAT SEND ME Bulletin P550 on POWERSTAT Variable Transformers. 


Bulletin P550, com- NAME 





plete with application TITLE 
and design information, COMPANY 
ratings, diagrams CO. ADDRESS 
and dimensions, CITY STATE 
MANUFACTURERS 
\BLE TRANSFORMERS + VOLTBI OWER SUPPI 
OWER SUPPLIES + 
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Sead ln Cin. 


pyrometer supplies buyers’ guide No. 100-4 
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Here’s the brand new edition of the Brown 
Pyrometer Supplies Buyers’ Guide . . . just off 
the press and designed to be even more helpful 
in your selection and ordering. 


Included are standard and special thermocouple 
assemblies, elements and components .. . pro- 
tecting tubes and covers . . . thermocouple and 
extension wire . . . valuable technical data and 
basic prices . . . and a host of other important 
information. 


This buyers’ guide is but part of the complete 


PYROMETER SUPPLIES 


Honeywell 


anown INSTRUMENTS 








service available to you through your local | 
Honeywell Supplies Man . . . with his HSM é 
Plan for greater convenience and economy in all 
of your pyrometer supplies purchasing. Call him 
in for a discussion of your needs. . . he is as near 











as your phone. 


Write for your copy of this new buyers’ guide 
today! 


MINNEAPOLIS-HONEYWELL REGULATOR CO., § 


Industrial Division, 4482 Wayne Ave., Philadel- 
phia 44, Pa. 


MINNEAPOLIS 


Honeywell 








RING 












Full scale 
operation 


from a differential of 


one inch 
of water 

































Hagan Ring Balance Dual Meter, with two low differential rings. 











In Hagan Ring Balance Meters the torque result- with 
ing from a given differential can be made high 
by using a ring with large cross-sectional area. 


Friction is low because of the knife-edge bearing 
on which the ring is mounted. The high torque- 
to-friction ratio thus obtained permits full scale 
operation with a differential as low as one inch 


of water. 
Other Hagan Ring Balance Meters—all stand- 


ard models—are available for maximum differ- 
entials up to 420 inches water column. In the 20 RI N ¢ BALAN <: 
to 140-inch differential range, standard meters 


can be supplied for static pressures up to 15,000 


i psig. 
SM Every Hagan Ring Balance Meter has these METERS 
four major features: 











nal 
him 1. No stuffing boxes 
ar I 2. Mercury level is not critical 
i 3. Dead weight calibration 

fide 4. Adjustable over a 7 to 1 : 

range of differentials Hagan Corporation 

Hagan Building 
Few meters have any of these features; only Pittsburgh 30, Pennsylvania 

.} : , c 
10., Hagan Ring Balance has them all. ua ne é : 
lel Soe see tieiinattiogs alieik Vids Sealants ease send me further information on Hagan Ring Balance 


Meters. I am particularly interested in... 





meters just fill in the coupon and mail it to 
F Hagan Corporation, Hagan Building, Pittsburgh 
30, Pa. NAME 








POSITION. 


HAGAN CORPORATION cscs: 


RING BALANCE FLOW AND PRESSURE INSTRUMENTS 











THRUSIORQ FORCE MEASURING DEVICES STREET AND NUMBER 
BOILER COMBUSTION CONTROL SYSTEMS ere Oe Ama 








METALLURGICAL FURNACE CONTROL SYSTEMS 
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nothing else 





Microcarb is a control system for the carburizing process. It continuously meas- 


can do what Microcarb does! 


ures something that nobody has ever measured before—the active carbon in a 
production furnace’s atmosphere while the furnace is at work in the heat-treat 
department. And it automatically, continuously controls the surface carbon content 


of the steel on the basis of this measurement. 


Microcarb is many things to many men, especially in defense work. 


To top management, Microcarb means both higher 
product quality and lower unit cost! A]so, it means 
that still another manufacturing operation comes 


. under automatic control. 


To production executives, Microcarb means closer 
following of manufacturing schedules, because car- 
burizing speed and results are more predictable. 
More predictable, that is, even than with our own 
pre-Microcarb processing installations. And Mi- 
crocarb helps heat-treaters apply their skill—helps 
them earn incentive pay. 


To metallurgists, Microcarb means simply better 
carburizing. Perhaps you saw a recent magazine 
advertisement headed “Thank You, Leeds & 
Northrup!” in which Indiana Gear Works credits 
Microcarb as a “big help to the gear industry” 
and says 


“now, for the first time, we are able to control 
case carbon content on carburized parts” 


“... We can produce carburized surfaces with 
absolute uniform control and obtain absolute 
maximum hardness and maximum ductility” 


“no more retained austenite on wearing sur- 
faces of high nickel steels” 


*, .. no more carbide networks in the hyper- 
eutectoid zone” 


Such results trace back to the fact that with Micro- 
carb the carbon you “set” is the carbon you get. 
Just as you set a temperature controller at 1700 F, 
if that is the carburizing temperature you want, so 
you set the Microcarb Controller at 90 if you want 
to carburize to ninety carbon. By making the proper 
setting, you can either protect the surface or add 


LEEDS 


TD4-623(3) 


carbon. Instead of controlling the amount of carbon 
material supplied to the process, you actually con- 
trol the amount that does the work. Can you 
imagine controlling the temperature of a furnace by 
just measuring the amount of fuel it gets, without a 
pyrometer to tell the temperature directly? Well, 
that’s the kind of carbon control you have always 
had—until Microcarb. Microcarb measures and 
controls carbon directly, just as a pyrometer meas- 
ures and controls temperature directly. 


The "reason why" for Microcarb is its carbon-detect- 
ing element. This instrument, called a Carbohm, is 
an engineering rarity—a truly new device for sens- 
ing a change in its surroundings. Basically, it’s a 
wire, made of an alloy which will either absorb 
carbon from the furnace atmosphere, or lose it to 
the atmosphere, until it and the atmosphere are in 
equilibrium, carbon-wise. With every change in 
the wire’s carbon content, there’s a change in its 
electrical resistance. This resistance is measured 
and translated into carbon percentage by the Micro- 
carb recorder and controller. 


Only Homocarb Furnace equipments of our new 
Series H can be used with Microcarb Control, be- 
cause engineering to meet the needs of atmosphere 
regulation is a necessity. Specific features are a 
soundly designed electric furnace with solid-bottom 
retort, improved fan housing and work support, and 
aerodynamically designed discharge jets ; and Mi- 
cromax temperature control of the duration-adjust- 
ing type specially designed for this service. 


Let us send you further facts about this new Micro- 
carb development. Ask our nearest office, or 4955 
Stenton Ave., Phila. 44, Pa., for Catalog T-623. 


NORTHRUP 
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Instruments 


M. F. BEHAR, Editor 


“Selling” You to 
Top Executives 


On page 1047 there appears a facsimile reproduction of 
the first of twelve advertisements inserted by The Instruments 
Publishing Company in Dwn’s Review. It ought to be a good 
“facsimile” for it is printed from the same plate! We intend 
to reproduce most (if not all) of those Dun’s Review ads in 
Instruments so that you may see how twelve different adver- 
tising agencies “sell” instruments—and, implicitly, Instrument 
Men—to the financial executives who often decide what per- 
cent of the outlay for each new plant goes for instrumentation. 


Two More European 
Reports Next Month 


In this issue, Publisher Rimbach reports on the trips he 
made to Europe this year. His coverage is broad. In October 
there will appear two specialized reports: (1) one describ- 
ing German instrument developments; (2) a report on last 
July’s Conference on Automatic Control sponsored by an 
English government department. 


Compressed Air for the 
Instrument Exhibit 


Seven hundred cubic feet per minute! 

This is one statistic about the 1951 Instrument Show that 
we have heard from various well-informed sources. It cer- 
tainly is impressive! 

But it must not be misinterpreted. For example it does not 
mean that the latest models of pneumatic instruments con- 
sume more compressed air than the older models. On the 
contrary! Some of the newest instruments have jewel-like air 
valves which impose practically no drag on the measuring 
systems and consume cubic INCHES rather than cubic feet 
per hour. 

Why then the need of such a large supply of compressed 
air? Is it because there will be tens of thousands of pneumatic 
instruments all operating at the same time? Not at all! At 
most, about a hundred will be “on” at any moment. 

The answer can be summarized in three words: stages of 
amplification. 

A pneumatic control system starts with a measuring system 
commanding a tiny prime relay. This prime relay continuously 
commands a secondary pilot, which actuates a power device 
either directly or by more intermediate relays. The final stage 
may be of integral-horsepower rating. 

In fact, there's no reason why the final stage of ONE small 
pneumatic instrument, in any of a dozen booths, couldn’t be 
the entire air-compressor installation! 





THE MAGAZINE OF 


Measurement 
and Control 


M & C Handbook to U.S. 
and Canada Only 


By this time, distribution of the Handbook of Measure- 
ment and Control has been completed. If you subscribed in 
accordance with the special offer, you should have received 
your copy. The offer applied only to the U.S. and Canada. 
Consequently, no books are being sent abroad by The Instru- 
ments Publishing Company. 





A New Service 


As most of our readers know, the Manufacturers’ Litera- 
ture Department is a treasure chest of useful and important 
information. To make this information of more value to you, 
and to save your time, we have classified this department so 
that you can quickly find information on temperature, pres- 
sure, flow, optical instruments, chemical laboratory instru- 
ments, electrical and electronic instruments, .electrical and 
electronic components, valves, shop equipment, etc. This 
extensive department is a rich source of information. Develop 
the habit of using it. 


Duplication of Effort 
Still Rates “Crime” Tag 


Nearly twenty years ago we paid a heartfelt compliment 
to Dr. Ellice MacDonald for making part of his annual re- 
port* into an excellent “editorial” against duplication of 
effort—which duplication he called “That Crime Against 
Research.” We thanked Dr. MacDonald for a sermon which 
was—and is—not only applicable to the field of solving im- 
portant problems in research, but to the field served by 
Instruments: the freld of solving daily problems in measure- 
ment, inspection, metering, gaging, manual control, auto- 
matic control, etc. 

All too often, when the exact combination of elements is 
not immediately available, someone may say, “Oh, no use 
‘phoning the other suppliers. Let’s build our own!” All too 
often, it’s when such a suggestion is made (with good in- 
tentions, of course!) that there begins a waste of time and 
effort—a needless waste, a shocking waste, yes, a criminal 
waste. 


The foregoing is familiar to old subscribers. (No apology 
for reprinting it: once a year wouldn't be too often.) The 
reason, this time, is new and astonishing: A reader proudly 
submitted an article on how to make “An Economical” port- 
able thermocouple pyrometer——but his costs omitted com- 
pany time and we concluded that the time it would take to 
make the computations, to order the parts, to inspect them, 
to assemble them, etc., would cost a company or institution 
much more than the price of a ready-to-use outfit such as has 
been on the market for a quarter-century —MFB 





*As Director of the Biological Research Foundation of the Franklin 
Institute. 
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Measurement and Control m the Utilization | 
of Mixed Fuels and Oxygen 


in Open-hearth Furnaces 


By MARTIN J. CONWAY, Consulting Engineer, Gap, Penna., 


ESBS 


and EDWARD H. CAUGER, Chief Combustion Engineer, Steubenville Works, Wheeling Steel Corp. 


Instrumentation and combustion techniques have made it possible for 
open-hearths designed for 60-ton heats to produce heats of 170 tons with re- 
duced fuel consumption per ton and increased checker life. Fuel temperature, 
viscosity, and flow are controlled, as are furnace pressure, oxygen flow and 


air flow. 
NSTALLATION of measurement 
I and automatic-control instruments 


on open-hearth furnaces provides 
the operator with means to duplicate 
functional operation and to obtain im- 
proved fuel consumption and increased 
furnace production. 

Before describing the measurement 
and control equipment installed on the 
open-hearth furnaces at the Steuben- 
ville Works of the Wheeling Steel Cor- 
poration, it should be mentioned that 
the types of fuel used are coke-plant 
tar, bunker “C” fuel oil, and coke-oven 
gas. Tar and oil are not used simul- 
taneously on any furnace, but a furnace 
can be switched from one liquid fuel 
to another as conditions demand. Plans 
are now being formulated to use a 
combination of these two fuels. Pres- 
ent practice is to use the coke-oven gas 
chiefly during the melt-down period, 
while tar is the preferred liquid fuel 





Presented at the Conference ‘‘Instrumentation 
for the Iron and Stcel Industry,’ sponsored by 
the Carnegie Institute of Technology and the 
Pittsburgh Section, Instrument 


Society of 
America, March 28 and 29, 1951, Hotel Roose 
velt, Pittsburgh, Penna. 





because its high luminosity makes it 
radiate heat to the molten-steel bath 
through the slag blanket better than 
oil. As coke-oven gas is nonluminous, 
it must release its heat by conduction 
and convection. 

In addition to the coke-oven gas and 
liquid fuels, oxygen of 95 percent purity 
is used for both combustion and de- 
carbonization. 

The open-hearth furnaces were de- 
signed and built to produce 60-ton heats. 
They had ample regeneration chamber 
capacity to preheat sufficient air for 
burning the fuel to melt this tonnage. 
However, as the same furnaces now 
produce heats of about 170 tons, suffi- 
cient preheated air is not available to 
melt this tonnage in reasonable time 
and with comparable fuel consumption. 
Therefore, combustion oxygen is intro- 
duced when burning more than 375 gal- 
lons of fuel oil equivalent per hour. 

Oxygen is introduced into the molten 
metal bath during the refining period 
of the heat—both for carbon-reduction 
acceleration and for temperature re- 
quirements. The oxygen is introduced 
‘y inserting a %-inch lance into the 


Fig. 1. Gas Dispatcher’s panel. 
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bath through the wicket hole of the 
furnace door.- A standard globe valye 
is used to control the volume of oxygen 
feeding the lance from a 110-psig. oxy. 
gen line. A pressure gage indicates the 
pressure on the lance line. As a 

tection to the operator of the lance, a 


quick-closing safety valve is installed | 


on the outlet side of the globe valye, 
which is held open by the helper regu. 
lating the oxygen to the lance. 


A recorder which measures all the 
oxygen used for decarbonization in the 
eleven furnaces is installed on a master 
panel in the Gas Dispatcher’s office, 
This master panel (Fig. 1) contains, 
in addition to the decarbonization-oxy- 
gen meter, recorders and indicators for 
(1) total combustion oxygen, (2) total 
coke-oven gas available for distribution 
from the coke plant to the steel plant 
and other services, and (3) coke-oven 
gas consumption in the boiler plants, 
strip mill, individual open-hearth fur- 
naces, and the Corporation’s manv- 
facturing plants located some 15 miles 
down-river from the Steubenville 
Works. The recorders are telemetered 


from integrating recorders. 












Fig. 2. Coke-oven-gas and oxygen manifolds, 
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Fig. 3. Oil and steam manifolds. 
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Fig. 4. Tar-temperature control system. 


Fic. 5. Cil-vicessity control chart. 


The oxygen is produced by an oxy- 
gen-generating plant adjacent to the 
open-hearth shop. It is delivered to the 
furnaces through a 110-psig. line for 
decarbonization and refining, and 
through a 45-psig. line for combustion. 
Fig. 2 shows coke-oven gas and oxygen 
manifolds. Fig. 3 shows oil and steam 
manifolds. 


Tar temperature is maintained by a 
controller which regulates the steam 
to a tubular heat exchanger. Fig. 4 
is a diagram of the tar-temperature 
control. The “Valvactor” enables the 
instrument to accurately position the 
control valve with small changes in 
air pressure from the instrument, there- 
by overcoming valve friction. The con- 
trol valve is a double-seated V-port 
valve with top- and bottom-guided con- 
struction. 


FUEL-OIL TEMPERATURE 
AND VISCOSITY CONTROL 


Oil temperature can be controlled in 
a manner similar to the tar temper- 
ature. A viscosity control is used also. 
Oil flow, temperature, and viscosity are 
recorded on charts. The viscosity chart 
(Fig. 5) records percentage of mini- 
mum viscosity, which is approximately 
175 USS for present practice. The 
swing is due to the lag caused by the 
distance between the viscosity con- 
troller and the valve which cohtrols 
the steam input to the heater. In ad- 
dition, the steam valve is somewhat 
oversized, which tends to accentuate 
the swings. 


The viscosity-control installation is 
shown in Fig. 6. The continuous viscosi- 
meter is a simple adaptation of the 
well-known variable-area flow-rate 
meter in which the flow rate is meas- 
ured by causing floats to move vertical- 
ly upward in a tapered tube as the 
flow rate increases, and to drop as the 
flow rate decreases. The floats can be 
either viscosity-sensitive or viscosity- 
immune. Two floats are installed in the 
tapered tube, one above the other. The 
lower .float is viscosity-immune and 
responds only to flow. The upper float 
is viscosity-sensitive and responds to 
both flow and viscosity change. Thus 
the gap between the two floats is re- 
lated to viscosity. 


The viscosimeter is installed in a by- 
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pass of the main oil-delivery line. 
Enough regular flow to lift the lower 
float to a reference line is made to flow 
through the viscosimeter. By use of 
impedance coils at the top and bottom 
of the unit, the rate of flow and the 
viscosity are transmitted to the re- 
corder controller. The controller trans- 
mits air pressure to a diaphragm valve 
in the steam line to the oil heater, 
thereby making the required adjust- 
ments. 

The main steam-supply line for liquid- 
fuel atomization carries 250-psig. super- 
heated steam at a temperature of 600 
F. The atomizers used have been con- 
ventional T-type atomizers which are 
fabricated in the Corporation’s Service 
Shops. However, after several months 
of experimentation it has been decided 
to standardize on a commercial type of 
atomizer both for uniformity and for 
improved atomization. Fig. 7 shows the 
standard open-hearth furnace burner 
used in these operations. The burner is 
independent of the attached liquid-fuel 
atomizers. Note that the oxygen noz- 
zle is in a low position. This is because 
the high temperature developed by the 
accelerated combustion of the atomized 
fuel due to the introduction of combus- 
tion oxygen should be as close to the 
hearth and as far from the roof as 
possible. Several commercial-type burn- 
ers have been used experimentally with 
varying degrees of success. As their 
design does not allow for adjustment, 
it has been the practice to fabricate 
this part of the equipment in the Corpo- 
ration’s Service Departments. This 
practice probably will continue while 
the best liquid-fuel atomizing equip- 
ment to suit the furnace operation is 
sought. 


FURNACE-PRESSURE CONTROL 


Fig. 8 illustrates the arrangement for 
furnace-pressure control. 

The furnace pressure is measured at 
the crown of the furnace roof by pipe 
connections both inside and outside the 
furnace. The differential is transmitted 
to the furnace-pressure regulator 
mounted on the panel board. The value 
of the furnace pressure to be main- 
tained is set on dial A, which is 
mounted on the front of the panel. The 
regulator controls the stack-damper po- 
sition by operating a double-acting cyl- 
inder, which is connected to the damper 
and counter-weighted by means of 
sheaves and cables. It is important that 
the damper be as nearly counterbal- 
anced as possible, thereby allowing the 
double-acting cylinder to move the 
damper at the same speed in both di- 
rections. Only one set of impulse lines 
serves both the roof-pressure recorder 
and the regulator. 


FUEL CONTROL AND SUMMARIZATION 


Fig. 9 is a schematic diagram of the 
fuel control and summarization. The 
combustion controls are arranged so 
that the heat input, or total Btu. sup- 
plied to the furnace, can be set by the 
operator. This is accomplished by 
adjusting handwheel B, which acts 
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through a mechanical computer or 
totalizer, which in turn controls the 
proportional amounts of liquid or gas- 
eous fuel. This operation is accom- 
plished by converting the stroke of 
shaft C of the summarizer into a 
spring-loading force by means of an 
adjustable cam. This causes the regu- 
lator to provide a specific volume of 
liquid fuel. 

By setting the amount of gas de- 
sired on handwheel D, the stroke of 
shaft E of the summarizer is trans- 
formed into a spring-loading pressure 
by means of an adjustable cam, there- 
by operating the regulator to provide 
a comparable volume of gas in a man- 
ner similar to the way that the liquid 
fuel is supplied. 


x 








Oil flow is indicated and recorded 
means of a conventional areg b 
However, fuel oil for the combustion, 
control system is measured by Means of 
a differential-type meter with & ney 
matic signal-transmitting system 4 
follows: Oil entering the differentia). 
meter body acts on a piston to main. 
tain a constant differential across valye 
F, The valve is, in effect, a variah) 
orifice across which a constant differ. 
ential is maintained so that the open. 
ing of the orifice is an indication o 
flow. 

Air pilot-valve G is linked to the 
oil flow-control valve so that it is po. 
sitioned similarly. A pilot air flow is 
admitted to valve G. A constant differ. 
ential of air is maintained acrosg this 
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Fig. 7. Open-hearth burner. 
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means of a pressure regu- 
that its position, “2 ae as 
me of air flowing through it, 
el a measure of oil flow. The pilot 
air flow is measured by an orifice. The 
tream pressure connection, which 
3 approximately as the square of 
the air flow, is transmitted to the oil- 
flow regulator to balance the spring- 
loading pressure developed by the cam. 

Coke-oven gas flow is measured by a 
conventional orifice plate. The differ- 
ential developed serves both an electric- 
meter body, which transmits the flow 
impulse to the recorder and totalizer, 
and the gas-flow regulator. This differ- 
ential balances the spring-loading force 
developed by the stroke of shaft E of 
the summarizer. Coke-oven gas pressure 
is indicated by a conventional pressure 
gage. 

OxYGEN AND AIR SUMMARIZATION 

Fig. 10 is a schematic diagram of the 
oxygen and air control and summari- 
zation. The output of the fuel computer 
(or summarizer) is indicated by the 
stroke of shaft H of the summarizer. 
This shaft, which is connected to the 
total-input shaft of the oxygen and air 
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to the furnace. Oxygen volume is trans- 
formed by the stroke of shaft J of the 
totalizer, which calls for the required 
volume of oxygen in the manner de- 
scribed—that is, by developing the 
spring-loading force through a cam 
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Fig. 8. Furnace-pressure control system. 
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computer, signals the adjustments for 
air and oxygen. 

Shaft I of the summarizer exactly 
matches the stroke of shaft H when 
shaft J is stationary. Shaft I is con- 
nected to a cam which, in the same 
manner as described previously, de- 
velops the spring-loading force to pro- 
vide for a specific volume of air to burn 
the amount of fuel determined by the 
movement of shaft H. It does this by 
adjusting an air valve in the fan dis- 
charge. Air volume is measured by a 
conventional orifice plate; the differen- 
tial developed is transmitted to a re- 
mote recorder and balances the spring- 
loading, force developed by the cam. 

The operator may replace a certain 
amount of atmospheric air with com- 
bustion oxygen delivered to the burner. 
He makes this adjustment by setting 
handwheel K to the desired oxygen 
volume. This handwheel, through the 
totalizer, deducts the air equivalent 
of the oxygen from the total delivered 


Fig. 9. Fuel controller and summarizer. 



















OXYGEN TO REVERSING VALVES 


which in turn is balanced by the orifice 
measurement. 

The differential developed by the ori- 
fice serves both the regulator and the 
electric-meter body, which transmits 
electrical signals to the remote re- 
corder. The regulator adjusts the oxy- 
gen flow through a plug-type valve 
equipped with special packing. The sys- 
tem is designed in such a manner that 
oxygen cannot come in contact with the 
oil serving as a hydraulic medium for 
the regulator. * 

Fuel-air ratio is adjusted by simul- 
taneously setting the ratio sliders us- 
ing handwheel L on the panel board. 


ATOMIZING STEAM 


The original system controlled the 
atomizing steam through a diaphragm 
valve actuated by a proportional-con- 
trol regulator, which air loaded the 
steam-flow valve. However, this meth- 
od has been replaced by a pneumatic 
system with manual loading of the 
diaphragm valve by a drift-proof regu- 
lator from the front of the panel board. 
Steam flow is measured by an orifice 
and electric-meter body for a remote 
totalizing recorder. 
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Fig. 10. Oxygen and air controller and summarizer. 
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Fig. 11. Furnace-reversal system. 
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AUTOMATIC REVERSAL 


The furnace may be reversed accord- 
ing to either maximum checker temper- 
ature or a preset time interval. 

The reversal valves for liquid fuel, 
steam, gas, and oxygen are of the 
diaphragm type and are operated 
through a solenoid three-way valve, 
which admits air to the diaphragm 
motor. 

Waste gas and combustion air are 
reversed by a double-deck-type damper 
operated by an electric motor. 

The solenoid valves and damper-motor 
starter are energized by the timer or 
checker-temperature difference control- 
ler, which act through interlocks and 
relays to accomplish the sequence of 
reversal as follows (Fig. 11): 

(1) Close north oil-reversing valve 


3° 
(2) Close north gas-reversing valve 


3° 
(3) Close north oxygen-reversing 
valve Ny. 
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(4) Close north steam-reversing TAsLe I—INSTRUMENTS ON OPEN-HEARTH FURNACES, STRUBENVILLE Works, 


valve N, (delayed action). Atomizing 
(5) Open south steam-reversing ** Oz Oil or Tar co Comb. Air, Steam 


aa nant Besse : Draft 
ies 
valve S,. ; Flowmeter R & In R&In&I R& Ie R R & Tn 
(6) Open south oxygen-reversing Comb. only 


valve S,. 
(7) Fuel, air, oxygen-control valves, Pressure gages Oia # — 
and stack damper are locked in po- ; ‘ 
sition. Temp. measure. R R(oil & tar) R&I I 
(8) Waste gas and air valves are @ Oz Plant (Regenerator-Temp.) 
reversed Comb. & Ref. 
(9) Time interval allowed to purge CONTROLS matically 
checkers before fuel is turned on. Steam-oil ratio proportional control (steam directly proportional to oil) * ma 
; * : * put re 
(10) Open south gas-reversing valve Fuel-air ratio control pe se for exact deficiency or excess air desired and compensator {or The re 
air infiltration) 
. ; Oil-gas ratio control (automatically decreases oil as gas is increased) correspon 
(11) Open south oil-reversing valve Oxygen-air ratio control (Automatically decreases air as oxygen is increased) addition | 
1° Maximum checker temperature control (Reverses furnaces on maximum temp.) * simultane 
(12) Restore control of fuel, air, Automatic time reversal (Reverses furnaces on time only) combustic 


Constant-differential-pressure oil valve (maintains constant oil flow at given setting regard] 4 
oxygen, and stack damper to regulators. oil pressure variation) ss of creased a 
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ws the flows and pressures as 
nope the advantages of meas- 
urement and control, and also the ad- 
vantages of combustion oxygen, refin- 
ing oxygen, and high hot-metal heats. 

Above the tabulation in Fig. 12 is 
a graphic representation of fuel, steam, 
oxygen, and air flows, together with 
furnace pressure. 

Note that as coke-oven gas was put 
on the furnace, the fuel oil was auto- 
matically reduced, whereas the Btu. in- 
put remained constant. orig 
The reduction of furnace air input 
| corresponding to the combustion oxygen 
addition is not seen so readily because 
simultaneously with the addition of 
combustion oxygen, the fuel input in- 
creased and the fuel-air ratio control in- 
creased the air input. However, even 
after the increase of fuel input, the 
furnace air did not exceed the quantity 
prior to the fuel increase because the 
air-oxygen ratio control maintained the 
air flow in accordance with the amount 
of combustion oxygen being used. 

The log shows also that the oxygen 
content of the waste gases was kept in 
the desired range of 1.5 to 2.5 percent, 
except during the period when the 
heat was working violently and gases 
escaped from the furnace without being 
completely burned. 

The steam input to the furnace was 
quite high. The steam-oil proportional 
control is not in use because steam must 
be varied to control flame characteris- 
tics suitable for the period of the heat, 
and the control cannot follow these 
conditions because the steam varies 
proportionately with the oil in this 
type of control. A ratio controller where- 
by an excess or deficiency of steam could 
be set, as in the fuel-air ratio control, 
would be desirable. However, the air- 
operated steam valve is now set re- 
motely at the panel by means of the 
drift-proof regulator. 

The furnace-pressure chart shows that 
the automatic furnace-pressure control- 
ler held the furnace pressure to the 
desired regulation throughout the heat. 


After tapping the previous heat, the 
checkers became unbalanced while fet- 
tling and charging the subsequent heat. 
This condition was remedied readily 
by setting the timers to allow the fur- 
nace to work from the hot end longer 
than the cold end until both ends were 
brought into balance. As the checkers 
gained temperature, the furnace was 
reversed oftener. This was accomplished 
by resetting the timers for shorter re- 
versals. 

As indicated previously, the auto- 
matic control system has means of re- 
versal if the checkers become too hot 
and endanger the brick work. This is 
not used because the impulse is derived 
from radiation units sighted at the top 
of the checker brick, and erroneous 
temperatures can be registered due to 
wisps of flame or burning dust some- 
times carried over with the waste gases. 

The final installation of the open- 
hearth furnace controls was made a 
little over a year ago. The Fuel De- 
partment personnel had to be trained 
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in the functional use of the controls 
and their relationship to furnace oper- 
ation in order to obtain the full bene- 
fit the controls were intended to produce 
—namely, increased production per fur- 
nace hour, lower fuel consumption per 
ton, and increased refractory life. 
Training of the furnace operators on 
the use of the controls and instrumenta- 
tion proceeded concurrently with the 
training of the Fuel Department per- 
sonnel. This training is still in prog- 
ress and there is still room for improve- 
ment as an analysis of the log on heat 
No. 50677 (Fig. 12) reveals. Changes 
and experiments are being made con- 
stantly. 
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Fig. 13. Curves of Btu. per ton, tons produc- 
tion per furnace hour, and total production per 
month for Open-hearth Department, Steubenville 
North Works, Wheeling Steel Corp. 


A Field Engineer from the Fuel De- 
partment covers open-hearth furnace ac- 
tivities and coordinates the distribution 
and production of the oxygen-manufac- 
turing facilities with the requirements 
of the open-hearth furnace. Full-time 
instrument-repair service is maintained, 
as is waste-gas analysis, furnace-draft 
and infiltration tests, and other work 
for improving furnace operation. The 
usual procedure is to run waste-gas 
.analysis after the first ten heats on a 
furnace campaign; any adjustment nec- 
essary to compensate for air infiltration 
then is set on the fuel-air ratio con- 
troller. During the rebuild, all record- 
ers are checked for calibration accuracy. 
Waste-gas analysis is scheduled by the 
Field Engineer each week. Each fur- 
nace is checked at least four times 
during a campaign. The results are 


reported to the Assistant Open-Hearth 
Superintendent and the Assistant Chief 
Combustion Engineer. 

Checker cleaning is scheduled by the 
Field Engineer each week, and draft 
surveys are made and reported to show 
checker cleanliness. 


The Field Engi- 








neer, under the direction of the Assist- 
ant Chief Combustion Engineer, follows 
up all new installation, experiments, 
and tests. The Instrument Repair Fore- 
man assigns personnel to the open 
hearth for around-the-clock coverage. 

A series of “Combustion Advice’ let- 
ters issued by the Fuel Engineering 
Department to the furnace-operating 
personnel contributes to the training 
program for the full utilization of the 
instruments and controls. These letters 
explain the proper use of the control 
equipment, interpret the indicator and 
recorder readings, and advise methods 
of securing desired furnace results. 


RESULTS 


The installation of furnace instru- 
mentation and the application of com- 
bustion oxygen took place concurrently 
at the Steubenville Works Open-Hearth 
furnaces. The combined effect has been 
a decided increase in production, a re- 
duction in fuel consumption, and an 
increase in checker life. General re- 
fractory life in the furnace—roof, 
front-wall, etc.—has not been affected 
adversely. The use of combustion oxy- 
gen and its control has had the benefi- 
cial effect of completing combustion in 
the furnace. This has decreased both 
the erosion on endwalls, sidewalls, and 
slag pocket walls, and the fusion of 
checker brick. Checker brick are still 
in good condition at the end of 1,500 
heats, whereas formerly a large por- 
tion of the checker brick was replaced 
after 300 heats. 

The fuel consumption for 1950 was 
13.65 percent under 1947 figures and 
15.08 percent under 1949 figures. Pro- 
duction increased and fuel decreased 
steadily, as shown in Fig. 13. 

The average production per furnace 
hour, charge to tap, was 14.3 tons in 
1949, whereas the average for 1950 was 
15.6 tons, with a maximum of 16.9 tons 
per furnace hour in October.. The pro- 
duction rate in January, 1951, was 
17.06 tons per furnace hour for a total 
shop production of 121,475 tons. The 
record monthly tonnage in 1950 was 
117,646 tons as compared to the previ- 
ous record of 102,452 tons in March, 
1949. 

Fuel consumption has declined 
steadily to a recent low of 3,389,653 
Btu. per ton. Oxygen consumption dur- 
ing the record month of October, 1950, 
was 95 cubic feet per ton for decarboni- 
zation, and 492 cubic feet per ton for 
combustion. Therefore, the installation 
of measurement and control instru- 
ments has been justified. It should be 
possible to increase production by 30 
percent and reduce fuel consumption by 
20 percent, as is shown by comparing 
January figures with the previous base 
of 90,000 tons per month. Increasing 
the hot-metal charge from 45 to 60 
percent accounts for 10 percent of the 
increase, while the use of combustion 
and refining oxygen accounts for 15 
percent of the benefits derived from 
the program instituted to increase pro- 
duction. The instrumentation has con- 
tributed about 5 percent of the addi- 
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tional tonnage and has facilitated han- 
dling of the combustion oxygen. 


CONCLUSIONS 


The drawbacks incurred in the origi- 
nal installation and the possibilities of 
improving and adding to the control 
system should be mentioned. 

The original atomizing steam-oil 
ratio control was a proportional 
straight-line control which was not 
suitable for developing flame character- 
istics desirable at certain stages of the 
heat. Therefore, manual air-loading of 
the atomizing-steam valve was resorted 
to. An automatic steam-oil ratio con- 
troller similar to the fuel-air ratio 
controller is needed so that an excess 
or deficiency setting of the steam could 
be used at any oil flow to develop 
desired flame conditions. 

The automatic reversal based on 
radiation signals from the top of the 
checkers led to excessive reversals due 
to. erroneous temperature readings, 
which were caused by atmospheric con- 
ditions in the checkers. A _ reversal 
system based on checker-temperature 


difference and commanded by thermo- 
couples in the checker brickwork will 
be investigated in the near future. This 
will be interlocked with the automatic 
time reversal so that the furnace will 
reverse at a given checker temperature 
difference or at a preset time. 

A desirable addition might be a con- 
troller for the temperature of the 
metered air to the furnace. Tempera- 
ture changes of zero to 100 degrees F. 
during the various seasons of the year 
can cause a 10 percent change in the 
weight of oxygen delivered to the fur- 
nace. One method of compensating for 
this difference might be an automatic 
adjustment of air input from continu- 
ous waste-gas analysis. 

Roof-temperature control has been 
applied widely in the industry. Al- 
though the lag between the throttling 
of the fuel and the effect on furnace 
performance reduces the value of this 
control, the use of a roof-temperature 
recorder as a warning device is de- 
sirable. 

Automatic control of bath tempera- 
ture is an interesting study when all of 
the variables are considered. At present 





the measurement of bath tempera: 
contributes to steel quality, ladle lig 
yield, mold and stool life, ete. The 4 
of instrument used for determin 
bath-metal temperature is largely ay 
individual shop problem, depending on 
shop layout, type of personnel availa) 
and grades of steel produced, Th, 
Wheeling Steel Corporation has expey,. 
mented with the open-end blow-pipe 
radiation unit. Similar tests With a 
thermocouple bath-temperature unit 
will be made. 

The control system described was 
carefully planned and thoroughly engi. 
neered before installation. The results 
obtained, almost from the start of op. 
erations, justified the procedure, 
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Instrumentation Minimizes the Welding Variable! 


By J. HEUSCHKEL, Westinghouse Research Laboratories, East Pittsburgh, Pa. 


The variables associated with welding processes, together with the instru- 
ments which measure and control the variables, are described. For electric 
resistance welding, the variables are welding force, electrode motion, surface 
resistance, dynamic resistance, applied voltage, current, heat, and temperature. 
Arc-welding processes, gas-welding and brazing, thermit welding, and post- 


INTRODUCTION 


welding instrumentation are discussed. 
ELDING involves the applica- 
tion of intense heat to the 


\ \ parts in the immediate regions 
involved, usually to the point of fusion 
of the local steel surfaces. Rate of ap- 
plication and extraction of the heat 
are important variables. 

Welding is an individualized proce- 
dure in that joints are produced at 
tens of thousands of individual stations 
in thousands of plants and factories. 
Figs. 1 and 2 show the large number 
of different processes and the temper- 
ature relations. The welding heat is 
derived from electric resistance, elec- 
tric arc, gaseous combustion, or from 
the chemical reactions of solids, as clas- 
sified in Fig. 2. 

The prevention of appalling losses in 
man-hours and dollars from duplication 
of quality-control efforts requires the 
establishment of means for accurately 
describing how a satisfactory weld is 
made with any particular combination 


of process, metals, and joints. This can- 
not be done orally or in writing unless 
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instruments for measurement of the es- 
sential variables are available in both 
the originating and the duplicating sta- 
tions. 

This discussion describes the broad 
problems, reviews the general. avail- 
ability of adequate instruments, and 
points out certain areas where defi- 
ciencies still exist. A few unique de- 
vices are described. 


CLASSES OF INSTRUMENTATION PROBLEMS 


For some processes, the measurement 
precision required is not great. The 
areas of use of instrumentation in the 
welding industry falls into three broad 
classes: 

1. Prewelding, that is, measurements 
prior to welding, including the welding 
equipment, controls, accessories, and 
gases that enter into the’ processes. 
This may be considered as the trouble- 
preventive approach. 

2. Welding, including a determination 
of the values of each of the essential 
variables—and of their uniformity— 
during the making of the weld. These 
variables involve forces, speeds, cur- 
rents, voltages, liquid- and gas-flow 
rates, and times. This may be considered 
as the direct approach which supple- 
ments, but does not eliminate the need 
for, prewelding. 


3. Postwelding, including a deter- 
mination of weld and joint composition, 
and of their physical and metallurgical 
characteristics. This may be called the 
indirect approach which, at least theo- 
retically, is unnecessary under ideal 
conditions. If it always was known with 
reasonable certainty that suitable ma- 
terials and equipment were used in con- 
junction with proper. procedure, this | 
third category would never be needed | 


‘ : - i 
in production. However, this expensive © 


postwelding inspection is commonly © 
specified because of lack of certainty, a } 
skepticism having some merit where no | 
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instrumentation is available 


during © 


either the initial or application oper- q 


ations. 


When equipment and procedure con- F 


ditions are known, experienced per- 
sonnel can produce suitable welds by 
using established procedures without 
knowing the actual values of the es- 
sential variables. For example, Fig. 3 
shows sections of two spot-welds in 
\%-in. steel, both of which are unsatis- 
factory. Sample A has incipient fusion 
because of inadequate heat. Sample B 
has excessive fusion because of exces- 
sive heat. A properly made weld in the 
same sheet is shown in Fig. 4. In order 
to understand the differences in opera- 
tional practices which produced the 


three different welds, we require instru- § 


ments to measure the pertinent vari- 
ables. 


satisfactory welding is being performed 
continuously without instruments for 
measuring the variables, but it is im 
possible to describe exactly how these 
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being made. Furthermore, I 
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bed pegs to conducted. Welding equipments, for all processes, eyes of the operator. 
ae - are essentially energy-conversion sys- Welding gases must be of a suitable 
ding PREWELDING INSTRUMENTATION tems. Electric-resistance and arc-weld- order of purity. Excessive amounts of 
lable It often is true that the properties ing machines, for example, derive their moisture or other impurities such as 
d. The @ of the final welded product are deter- activating power from primary Sources. nitrogen may impair the properties of 
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: ve ee a “woldability.” Uniformity The manufacture of welding control for such checking. : ‘ fs 
ye i metal is important. It is possible to systems and accessories also requires All in all, the instrumentation in- 
Sults |) 0 id satisfactorily a composition which the use of adequate instruments—am- volved in the development and construc- 
Of op. maa reacts detrimentally—when meters, voltmeters, electronic tube- tion of the equipment and materials 
e welding engineer knows and can checking units, resistor-calibration de- used in welding is a fairly lengthy 
compensate for the characteristics. On vices, and oscilloscopes. subject, but is beyond the scope of this 
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Fig. 1. Temperatures in soldecing, brazing, and welding. 
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WELDING PROCESS INSTRUMENTATION 


As welding, brazing, and soldering 
involve the application and dissipation 
of heat to the parts which make up the 
joint, the measuring problem involves 
heat input and rate of heat dissipation. 
For convenience, the instrumentation 
will be explored within the broad cate- 


Fig. 2. Soldering, brazing, and weld- 
ing processes. 


gories of the process classifications of 
Fig. 2. 


ELECTRIC RESISTANCE WELDING 


Electric resistance welding depends 
on the heat derived from the passage 
of high-density electric currents through 
the parts being joined. Electrical con- 
ductivity, or its reciprocal—resistivity 
—is one of the fundamental characteris- 
tics of metals. Of the common pure 
metals, silver has the lowest electrical 
resistivity—1.59 microhms per cm. at 
0 C., and titanium has the highest—80 
microhms per cm. Iron, the basic in- 
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gredient of steel, has a resistivity value 
of 9.71 at that temperature. Resistivity 
increases with alloy content, cold work, 
and temperature; the value of 9.71 for 














Although the fundamental Vari 
in resistance welding is tempers 
and rate of change of temperatuy, 
the localized parts, temperatury ; 


criteria of 
use of th 
which emp 
temperatu 




















































iron at 0 C., increases to over 100 be- never successfully employed ag g gill known hat 
fore the melting point is reached. There- terion of weld quality contro] It ae therm pat 
fore, the temperature coefficient of con- never measured for thin Parts, altho, Unfortu 
ductivity is an important consideration. point approximations have been » : use this a 
WELO! a complet 
que puns (FUSION) WELDING Saat ean low direct 
pacha br localized ( 
is ene Je durin; 
INDUCTION c 
— WELDING Gas WELoin, of the wé 
TRB BREF F precise st 
a) § ag gfe | 3. od 
gale) 4 [| 8? For pr 
¢ is not a § 
soars | "Ree ing sched 
ONE NONE OGRE se, ve 
witn | NONE = tone 
ot?) ar are Flame 
«art 
<8, wmouced Flame Contac 
» 
ciety otStous 
nt lei 
ne 
oe WONE wien 
ese 
i 
-p ~~ < 
os 
C ‘i % 
a “ete $ 
#3 LIQUID PHASE ° 2 23 
~ Ji Teme aeOvE iTS i g . oy t ee . 
’ 5 43 z z @% 4 § [eer | 100s 
METALS 46 ba ‘ 4 3 snoawe | “ou 
uniriza. LETS a & Tem] on 
i “a = — aa One 
TION > SL etimg | mM 320n05 | yy, MOU F » ; z 
} SOLID PHASE 45 |e gif] §2 & 
Be SSeS ott SK LEY, SET EE] HET Ber | a 
oy tbl; § : £/ 2° Joao’ 
a (wisn 3sve $ aos / £ £ 
40 ave NHL $537 £ #6 # Fe i > 
wanoen) : > 2 ‘fy 
Te KC ey Qe i? 
EEO ASSO hh | 
Bats te LENCIX > 7 rs F “nny, 
» ANS SLOSS gf 5 / 
«8 \\ ‘, OP Py, ™», ris 49 
os 
y ANY . WN Ae, ¢ 7 
fF fez ii At 29) Bee Os Ss LIER, i, ey 
S$ 7s eS § etl & \e see te a, 
25 ft EEE A NAN, KF AS AD 
£23/SF/o%/8 shot |e \.ee\=s Ah A PK SS My 5%, ea - 
f $ gil Se be\ Ss Lan %% + os 7 a, ¢ 
HPF HARA ANS " 
W hl bi HL ee % CANS * ra ~ £ 
FF 2n20y 9g 24 Zz, eae sila % » VS % *, a A 2 es ¥ ; 
© roman |Z 4) Sean 4 LK 7 Ke . ations i 
ital. 1 % 4 a” 7 % 2 produce 
Hea Hee } ose m ; ) minimu 
3 st a 4 
{$00 aN 9457, aunosnw ) Pe f 4 3 tion, as 
ms m0 4 ~ %, : 
ou ce e » inally « 
yon3e9® %, % j 
$0 K Yomg canon OM ogee NS » checked 
arisesmnon na % % r dul 
TIlstil: Ar a eee : schedul 
Figahi vice > time, v 
anne | diamete 
"E.0INg ae » and D, 
carbon 
" : ' The | 
experimentally for heavier parts. Tem- heating 





Fig. 3. Spotweld variations caused by inade- 
quate and excessive heat. 










perature is not measured for several 
reasons—first, the rate of change o 
temperature is too fast for thermo 
couple response; second, the induced 


where 
resistal 





magnetic signal is larger than the Tesistal 
temperature differential signal; ani tent / 
third, it is extremely difficult to place} to 100, 
the thermocouple where it is needed t decreas 
detect the temperature in thin sheets § CVer, ¢ 
Temperature gradients are steep, ani sclahi 
a slight misplacing of pickup probes — 
if they could be developed, would pr pei | 
vide misleading results. ren 





For the present, the most suitable 












criteria of temperature is obtained by 
use of the metallurgical thermometer, 
which employs the concept that a known 
-time cycle produces a 
microstructure, or iso- 







temperature 
known hardness, 


rm pattern. ; ; 
thynfortunately, it is not possible to 


is approach, except by sectioning 
aglon tnt weld. The inability to fol- 
low directly and precisely the strictly 
localized dynamic time-temperature cy- 
cle during the formation and cooling 
of the weld is still a blind spot in the 
precise study of the welding processes. 
For production control, however, this 
is not a strong deterrent. By preselect- 
ing schedules which have minimum vari- 






weld. Measurements vital to an under- 
standing of these processes, therefore, 
involve current, resistance, and time, 
or their effective products. 

In resistance welding, brazing, and 
soldering, a complicating factor is the 
presence of the initial discontinuity 
between the parts being joined, includ- 
ing the interfaces of the ultimate joint. 
The heating current must traverse a 
minimum of three pairs of contacting 
surfaces, the interface resistance of 
which is not constant (Fig. 4). More 
interfaces are involved for multiple- 
thickness combinations. 

Welding Force.—To reduce this ini- 
tial interface resistance to a minimum, 


pounds, 
composition and _ dimensions. 
thus becomes a fourth basic variable. 
But static force is not the same as 
the dynamic force if friction or inertia 
within the machine components is high. 
For prewelding machine-calibration it 
is desirable, although not mandatory 
for steel, that the inertia, friction, and 
motion characteristics be known. This 
is more important for projection, butt, 
and flash welding. 


to confine the molten metal, and to as- 
sure nugget solidification as a unit, 
force is applied to the current-carryiny’ 
electrodes (Fig. 4). This force may be 
from a few pounds to about 20,000 


depending on the material 


Force 























a 


ations in procedure, it is possible to 
produce high-quality welds with a 
minimum of production instrumenta- 
tion, assuming the machines are orig- 
inally calibrated and are periodically 
checked for performance. Optimum 


sg 





schedules for welding force, welding 
time, welding current, and electrode 
diameter are shown in Fig. 5 A, B, C, 
and D, respectively, for a 0.095-in. low- 
carbon steel. 

The heat, H, developed by resistance 


= heating is given by the equation: 
re of H = kI?Rt, 
armo-f Where J is the current through ohmic 
juced resistance path R for time t. Because 
the Yesistance R is low in magnitude, cur- 
ani rent J is necessarily high—from 100 
placey, to 100,000 amperes. The current can be 
ed wm decreased at the expense of time. How- 
ects. ever, efforts to minimize current to an 
ani} excessively low amount result in the 
bes, establishment of a state of thermal 
pr-@ equilibrium between heat build-up and 


dissipation, with the temperature too 
low for the formation of a satisfactory 









Fig. 4. A proper spotweld, showing the set-up and variabfes. 


Fig. 5. Curves of spotweld strength and variability versus C 
force, time, current, and electrode diameter. 


























































































































Fig. 6. instruments tor measurement of static forces: A, force bar; 








B, pressure disk. 
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Fig. 7. Strain-gage electrode and typical force- 
time record. 


The compressive force on the elec- 
trodes of Fig. 4 may be applied from 
lever, cam, spring, pneumatic, or hy- 
draulic sources. In any case, the actual 
static force can be obtained directly 
by use of a force bar and calibrated 
dial (Fig. 6A). At least one pad should 
be electrically insulated. The force-bar 
type of gage is preferred to the pres- 
sure-disk type (Fig. 6B). Both types 
often are deficient in that they require 
an opening between electrodes for gage 
insertion. There is room for improve- 
ment in these instruments. 

Dynamic force measurement can be 
made also by the arrangement shown in 
Fig. 7, which uses the now-common 
strain gage, an amplifier, and a re- 
corder. The steel-braid shielded coaxial- 
cable leads reduce magnetic-signal pick- 
up from the electromagnetic field of 
the welding current. Le 

Motion of Electrode.——Dynamic mo- 
tion can be recorded by a signal from 
a fixed coil and a movable core, as shown 
in Fig. 8. A typical motion record (Fig. 
9) plotted against time shows approach 
velocity, rebound, occurrence of inden- 
tation, and time and velocity of elec- 
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STARTS 
IN STEEL, 060", HEAT 91, TAP #6, BCYCLES, 4mm/mil —3s— 





Differential transformer mount on 
spotwelding machine. 


Fig. 8. 


trode separation. In Fig. 9 the lower 
line of the envelope trace describes the 
motion of the upper electrode with res- 
pect to the lower one. Strain gages 
attached to lever devices have been 
used also for studying projection col- 
lapse. 

Inability of the movable electrode to 
follow-up the collapsing metal is 
likely to cause difficulty in any resist- 
ance-welding operation, but this item 
becomes most important in the projec- 
tion and flash-welding operations, in- 
sofar as steel is concerned. Therefore, 
it is prudent to know in advance that 
a machine purchased for such a project 
is calibrated and proved satisfactory 
before usage. Fortunately for the steel 
industry, the rigid requirements in 
follow-up speed of the non-ferrous 
metals for simple spot-welding have 
produced low-inertia high-speed heads 
suitable for the welding of steel. The 
motion device of Fig. 8, or some equiva- 
lent instrument, greatly simplifies the 
task of machine calibration for such 
purposes. Insofar as is known, such 
motion studies are unnecessary in pro- 
duction. 

Surface Condition and Resistance.— 
Initial surface condition of material, 
as evaluated from resistance, can be 
described by the use of the instrument 


B= LOW-CARBON STEEL, 060°, HEAT 60, TAP #4,)2 CYCLES, 4mm/mil 5. 
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Fig. 9. Typical oscillogram of motion. 


shown in Fig. 10. Any desired electrode 
shape and composition can be employed 
with variable force and current, and 
ohmic resistance can be read directly 
on the dial. 

As surface oxides and other foreign 
material contaminate the contacting 
ends of the electrodes, clean surfaces are 
desired. For this reason, pickled and 
oiled or cold-finished surfaces normal. 
ly are specified for resistance welding 
in production. Variations in surface 
can be evaluated in terms of total re- 
sistance, which essentially means gyr- 
face resistance. The unit shown in Fig. 
10 is a laboratory model suitable for 
such purposes. A simpler unit could be 
designed for production control. For 
steel, the surface resistance is seldom 
specified, but is ordinarily low and is 
progressively lowered by increased 
force, as shown in Fig. 11. 

Dynamic Resistance.—As with the 
force systems, there is a difference be- 
tween static and dynamic conditions. 
Metallic resistance changes with tem- 
perature. A spot weld in 0.010-in. sheet 
may be completed in one cycle of a 60- 
eps. current. Therefore, the average 


rate of temperature rise may be as | 


much as 164,000 degrees F. per second, 
even assuming the nugget reached, but 
did not exceed, the melting point of 
2800 F. Therefore, rapid changes in 
resistance occur. 


Fig. 10. Laboratory surface-resistance istru- 
ment. 
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Fig. 11. Curve of contact resistance versls 
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Fig. 14. Direct-reading a-c. voltmeters. 








is important that the inductive pickup 
be small or that it be counterbalanced 
The preferred 
means is to conduct the leads internally 
through the axes of the two electrodes. 

Currents.—Resistance-welding cur- 
rents may vary from a few up to 100,- 
000 or more amperes. The most com- 
mon method of measurement is by use 
of current transformers surrounding 
a suitable portion of a conductor. This 
can be done on either the primary or 
secondary windings of the transformer. 
Commonest practice involves measure- 
ment of the primary because of acces- 
sibility. When current is measured in 
iron-core 
toroid can be employed. For higher 
currents an air-core toroid, composed 
of a group of individual coils, is su- 
perior because it is free of magnetic 
saturation. On shallow-throat spot and 
on multiple-electrode 
spot-welders, and on projection welders, 
it often is impossible to place a pickup 
coil or current transformer around the 
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Fig. 12. Resistance-time curve for a steel spotweld. 


appropriate current-carrying parts of 
the secondary circuit. 

No direct-reading current indicator 
gives the precise value for the current 
because that value is not constant 
throughout the formation of a weld. 
Current flow may be continuous or it 
may be intermittently interrupted, as 
in pulsation, spot, or seam welding. 

Secondary current (/,), neglecting 
welder transformer losses, can be calcu- 
lated from the primary current (J/,) 
multiplied by the ratio of the primary 
turns (T,,) to the secondary turns 
CE): 

i, a ‘ (T,/T,). 

The secondary voltage (E,) is the 
primary voltage (E,,) divided by the 
turns ratio, which is therefore derived 
from: 

Turns Ratio = E,,/E,. 

For these measurements, voltmeters 
with a capacity from 1.25 to 3.0 times 
that of the reading are used. Measure- 
ments are made with welding dies or 
electrodes separated by insulating ma- 
terial. Primary and secondary readings 
are taken simultaneously. As there are 
variable welder transformer losses, 
calculated secondary currents may be in 
error from 5 to 10 percent. Therefore, 
the transformer characteristics must 
be known. 

Oxides are highly resistive to current 
passage at normal temperatures, but 
become partial conductors at elevated 
temperatures. Resistance can be de- 
creased by increased pressures, as 
shown in Fig. 11. Efforts have been 
made to employ a combination of these 
two features by using semispherical 














13. Magnetic oscillograph. 


Fig. 


domed electrodes, high initial forces, 


‘and a low rate of rise of current, as 


shown in Fig. 15. For specifying such 
conditions, one cannot use a single 
value of current, but must refer to rate 
of rise of peak, number of cycles to 
maximum, and magnitude of maximum 
current. 

Low-frequency a-c. and d-c. systems 
can be employed also. Here again, con- 
ventional ammeter readings are valid 
only for waveshapes which have a sub- 
stantially uniform magnitude, as in 
items 3 and 4 of Fig. 16. As it is prob- 
able that non-uniform waveshapes will 
come into more common use in the 
future, steps should be taken to clarify 
the best means for recording, measur- 
ing, evaluating, and describing the cur- 
rents used for making welds with these 
systems. 


Heat.—The welding heat can be ap- 
proximated by: 
Heat = JET. 


Several devices have been employed 
for measuring the product of some of 
the variables entering into the heat 
equation. These have included J?T indi- 
cators and watthour meters. These 
products cannot be indiscriminately ac- 
cepted as an accurate evaluation of 
quality of weld for several reasons. 
First, the energy required to make a 
given nugget is different for a short- 
time weld than it is for a long-time 
weld because of differences in thermal 
losses. Second, there is the matter of 
current flow path. In multiple-welded 
joints, as ordinarily used in production, 
current tends to shunt through pre- 
viously-made welds. For this reason 
it is preferable to use established sched- 


“tt be ge SEC. = ICYCLE 
ee 


Fig. 15. Slope-controlled 60-cps. current waveform obtained from an oscillograph. 
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ules of the several variables for a par- 
ticular weld spacing, while separately 
measuring all the variables except re- 
sistance, which usually is ignored be- 
cause no practical device exists for its 
measurement. 

Other Factors.—For high-quality pro- 
duction, the cooling-water flow-rate 
and temperatures should be known al- 
so. This requires a flowmeter and a 
thermometer. Gages for checking air or 
hydraulic pressure sources are also 
necessary. Force on the weld varies with 
line pressure for such machines and an 
erratic pressure source can produce 
erratic weld quality. Suitable pressure 
gages to permit the welding supervision 
to detect such sources of variation be- 
fore they become a production problem 
are essential. The uniformity of the pri- 
mary line voltage, which may be 440, 
2400, or 3200 volts, should be known 
because variation in line voltage influ- 
ence the secondary current delivered to 
the weld zone. For measurements above 
750° volts, a_ step-down transformer 
should be used with an electrically-iso- 
lated secondary which has one side 
grounded. For primary line-current 
measurements, a current transformer 
and a pointer-stop ammeter should be 
used. 

Resistance butt-welding involves the 
same electromechanical variables as 
spot welding. Seam welding also offers 
the same problems and solutions, ex- 
cept that current flow is commonly con- 
tinuous. 

The variables in projection welding 
are the same as those for spot welding, 
except that ability of the movable elec- 
trode to “follow-up” the collapse of 
the molten projection is important. It 
also is common practice to weld several 
projections at one time; as parallel 
current flow-paths exist, the measure- 
ment of current within individual welds 
cannot be made. 

Current “flow times” may vary from 
half a cycle to several hundred cycles, 
depending on material thickness. When 
using a recording magnetic oscillograph 
in the laboratory, the time interval is 
visible on the trace (Fig. 16). With 
synchronous controls, current is ini- 
tiated and terminated at the zero points 
of current, thus full cycles or half- 
eycles always are recorded. For pro- 
duction checking and development pur- 
poses, direct-recording cycle-counters 
and cycle trace-recorders are available. 


ARC WELDING 


Are-welding processes derive their 
concentrated heat source directly from 
the electric arc between two electrodes, 
one of which generally is the workpiece. 
This discussion is confined to the con- 
sumable steel-electrode, or metal-arc, 
processes; and to the non-consumable 
tungsten-electrode process with an 
inert-gas shield. In both processes, 
either alternating or direct current can 
be used; and the electrode movement 
may be either manual or automatic. 

Metal-arc Processes.—The two basic 
measurable and controllable variables 
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of manual arc-welding are the are cur- 
rent and voltage. Burn-off rate of elec- 
trode is a function of wattage. Pro- 
duction rate of welding, as well as 
quality of welded products, can be in- 
fluenced by the burn-off rate. For each 
combination of base-metal mass and 
disposition, and selected electrode, there 
is an optimum current operating range. 
Rough production welding seldom is 
controlled by use of any instrument 
check-up. However, there always is 
available, in lieu of an ammeter, the 
criterion of a predetermined electrode 
melt-off rate. This rate can be estab- 
lished by a marked length of wire and 
a stop watch. 

It is possible to define an ampere as 
the amount of current that melts a 
specific amount of electrode of known 
characteristic in unit time. It is de- 
sirable, however, to have reference 








They do reveal if steady or unsteady 
are conditions are encountered, 

The magnetic oscillograph js much 
more useful for precise studies, The 
details for uniform operation of gp 
a-c. metal-transferring are can be 
shown clearly. However, even the mag. 
netic oscilloscope is too slow in response 
to reveal the details of the character. 
istic half-cycle reignition voltage-spike 
which is recorded only as a faint single 
line-burst on the trace. The response js 
adequate to record half-cycle rectifica. 
tion, wherein, for a 1/120-second inter. 
val, voltage goes to open-circuit value 
and no current is conducted. It is suf. 
ficiently accurate, also, to show are. 
shorting conditions in detail. When 
the are shorts, the voltage drops to a 
low value and the current surges to 4 
maximum, depending on machine char. 
acteristics. A similar set of conditions 
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Fig. 16. Spotwelding-current waveshapes and energy sources. 


ammeters and voltmeters available. 
Current flow is essentially continuous 
in are welding, and the ammeter can 
be of three types—the dynamometer, 
the d’Arsonval, and the iron-vane type. 
The currents can be from 5 to 1200 
amperes. A multi-range instrument can 
be used with some sacrifice of accuracy. 
The dynamometer ammeter suffers from 
two deficiencies—it is sensitive to sur- 
rounding magnetic fields; and it re- 
quires power for its operation. How- 
ever, this is not generally important. 

A simple tong-type ammeter (Fig. 
17) is useful for checking currents at 
individual stations. No connections are 
required. Are voltage must be meas- 
ured from leads attached to the work 
and the electrode holder. 

Both a-c. and d-c. ammeters and volt- 
meters can be of the recording type. 
Such instruments are useful in the 
training of operators and in the evalu- 
ation of electrodes. However, records 


ordinarily are not required in produc- 
tion, except for special cases, and they 
often are worthless for research pur- 
poses because the response is too slow. 


Fig. 17. Tong-type* ammeter. 


exists for d-c. are welding (Fig. 18), 
The magnetic oscillograph is, there- 
fore, a useful instrument for research 
and development work; but it is too 
expensive, complicated, and time-con- 
suming to have value in production. 

Submerged Metal-arc Process.—In 
the submerged metal-arc process, welds 
are produced under the protective 
blanket of a granulated flux. The wire 
feed is electromechanically related t 
the arc voltage. Other variables are 
are current (100-1500 amp.), and car- 
riage speed (10 to 200 in. per min.). 
Commercial machines include panel 
ammeters and voltmeters, which should 
be checked periodically against stand- 
ard instruments. 

Tungsten Electrode with Inert-gas 
Shield.—_Within recent years, the tung- 
sten-steel argon-are or helium-are proc 
ess has found more applications within 
the steel industry. Fig. 19 illustrates 
an unusual butt joining of two ends 
a steel sheet with a thickness of 0.006 
inch. The desired product was a strong 
flush joint without overlap. Only 4 
few years ago, arc welding could not 
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have been considered for such an appli- 
cation. How was the weld made? In 
order to describe the procedure so that 
the results can be duplicated, one must 
specify, in addition to type of equip- 


ment and joint preparations: 
Variable Instrument 

Electrode diameter. . micrometer 

Gas flow-rate.....-. flowmeter 

Gas purity......--- mass spectrom- 
eter 

Travel speed.....--- rule and stop- 
watch or ta- 
chometer 


Open-circuit 


MORO. osc cccee . voltmeter 
Are voltage......--+ voltmeter 
Are current........- ammeter 














TIME, ‘ 
Fig. 18. Ampere, voit, and wattage traces of 
d-c. metal-transferring arc on steel as recorded 
by an electromagnetic oscillograph. 


Additionally, one is interested in 
knowing whether or not the arc is 
steady under the conditions employed. 
The electromagnetic oscillograph pro- 
vides this information. 


As the magnetic oscillograph cannot 





) follow the rapid fluctuations in voltage 


at current reversal, a higher speed 





Be eae Z 
Fig. 21. Contact pyrometer for checking pre- 
heat temperature. 


cathode-ray oscilloscope is useful, par- 
ticularly the dual-beam type shown in 
Fig. 20. The oscilloscope can show 
voltage and current traces simultane- 
ously. For the permanent record it is 
necessary to photograph the screen 
image. The newer direct-printing cam- 
era facilities are expected to be a boon 
to the field of welding instrumentation 
and study. 

Normal-motion and high-speed cam- 
eras for arc-action studies are also 
useful, particularly when synchronized 
with oscilloscopic recordings. For best 
results, intense external light sources 
are required. 









In are-welded production, preheating 
is sometimes specified to retard the 
cooling rate, reduce hardness, and mini- 
mize the likelihood of cracking. For 
checking preheating terhperatures one 
may use various techniques, including 
the use of wires with known low-tem- 
perature melting points; or one may 
use direct-reading pyrometers, as shown 
in Fig. 21. Such instruments can be 
recalibrated periodically against a fur- 
nace under accurate control. Stepless 
ranges up to 1200 deg. F. are available. 


GaAs WELDING AND BRAZING 


In the gas processes, wherein the heat 
is derived from the combustion of a 
fuel gas in the presence of air or oxy- 
instrumentation is involved. 


gen, no 





ARC SIDE BACK SIDE 


Fig. 19. Tungsten-steel-argon arc-welded butt- 
joint in 0.006-in. sheet. 


Pressure regulators and torches for 
applying the flame and for adjusting 
the mixture of the gases usually are 
considered to be equipment, not instru- 
ments. These units do have built-in 
pressure gages (Fig. 22), which the 
operator uses for indicating the rela- 
tive volumes of the two gases supplied 





Fig. 22. Standard reduction valve with inte- 
gral pressure gages and flowmeter. 


to the mixing chamber and the con- 
tinued availability from the primary 
source, which may be a pipeline or a 
pressure tank. The trained operator 
can tell from the appearance of the 
flame whether an oxidizing, neu:ral, 
or carburizing flame is being applied. 
Fig. 22 also illustrates the gas flow- 
meter, which is used in inert-gas arc- 
welding processes. 


THERMIT WELDING 


In thermit processes the heat is de- 
rived from the exothermic chemical 
reaction between iron-oxide and alumi- 








num. No instrumentation is ordinarily 
involved. 


POSTWELDING MEASUREMENTS 


A finished weldment completed under 
known and controlled conditions is sat- 
isfactory for its designed purpose. The 
mystery and uncertainty is removed by 
providing experienced personnel with 
adequate instrumentation. 

During research and development, 
and in some instances to satisfy code 
or specification production-require- 
ments, an evaluation of the welds or 
welded joints can be made. Such evalu- 
ations use instruments of the metals- 
testing field. 

For detection of possible flaws, cracks, 


ez 





e 


Fig. 20. Dual-beam cathode-ray oscilloscope. 


and voids, the instruments used can be: 
(1) X-ray, (2) gamma ray, (3) “Su- 
personic Reflectoscope,” (4) “Zyglo,” 
(5) “Magnaflux,” or (6) gaseous leak 
detectors. 

For chemicai analysis, the instru- 
ments are: (1) Wet methods, (2) spec- 
troscopic, or (3) mass spectrometer. 

For mechanical properties, use is 
made of: (1) Tensile testing devices, 
(2) bending testing devices, (3) shear 
or torsion testing devices, (4) hardness 
testing devices, (5) impact testing de- 
vices, or (6) fatigue testing devices. 

For metallograph*c characteristics, 
use is made of: (1) Metallograph, or 
(2) microscopes. 

For other characteristics, use is made 
of: (1) Corrosion-testing devices, (2) 
magnetic testing devices, or (3) creep- 
testing devices. 


SUMMARY 


To describe the optimum welding con- 
ditions which produce a satisfactory 
weld, it is necessary to measure the 
essential variables. Since many differ- 
ent kinds and makes of machines are 
employed in industry, it is not practical 
to describe welding conditions in terms 
of machine settings alone. However, 
once the essential variables are meas- 
ured, it becomes possible to describe 
precisely how the weld is made so that 
the proper conditions can be repeated. 
Considerable effort can be invested 
profitably within the field to make fur- 
ther improvements in the techniques 
of welding instrumentation. 
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INSTRUMENT EXHIBITS AT THE PARIS FAIR 
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My Second Report to Jnstruments’ Readers 


on Europes Industrial and Instrument Fairs 


By RICHARD RIMBACH, Publisher, Instruments 


S our readers know, it has been a 
A policy of Instruments for many 
, & years to keep in close touch with 
he European instrument industry, and 
report on significant developments 
road. Last year I visited the major 
Buropean trade fairs and exhibitions 
and reported to you—in the September 
1950 Instruments—on: (1) the state 
of the European instrument industry, 
(2) the new instruments, (3) the extent 
df instrument exhibits and expositions, 
and (4) the significant differences and 
similarities between the American and 
European instrument industries. 
‘This year, I visited the Hanover 
Fair (April 29-May 8), the British 
Industries Fair (April 30-May 11), 
the Paris Fair (April 28-May 14), the 
French Exhibition of Instruments and 
Scientific Material (May 11-May 17), 
the British Gage and Tool Exhibition 
May 15-May 25), and the British In- 
strument Industries Exhibition (July 
414). Once again, here is my report 
and your pictorial trip to these fairs 
and expositions. 


British Industries Fair 


The British Industries Fair was a 
huge exposition of 2869 exhibitors, 
representing all phases of British in- 
dustry. There were 1,028,626 square 
feet of exhibit space at two locations 
/_ —London’s Olympia and Castle Brom- 
§ wich, Birmingham. The two exhibit 
areas were about three and a half 
hours’ travel (by train) from each 
other. 

There were only nineteen instrument 
manufacturers at the BIF shows be- 
cause of the First British Instrument 
Industries Exhibition, held at Olympia, 
July 4 to July 14. The scientific instru- 
ment exhibitors were mainly at the 
Olympia; the industrial instrument 
exhibitors were mainly at Birmingham. 

The attendance of foreign and do- 
mestic buyers at the BIF was about 
the same as in 1950. 


French Exhibition 
of Instruments and 
Scientific Material 


The French 48th Exposition of In- 
struments and Scientific Material was 
Sponsored by the French Physical So- 
ciety and held at the halls of the Uni- 
Versity of Paris (the “Sorbonne”). 
There were 130 exhibitors in five halls. 
The latest British developments in 
Scientific instruments were shown at 
fifty booths in a separate hall. 

Many of the exhibitors were govern- 
Ment agencies. A catalog of 340 pages 


described and illustrated the develop- 
ments on display. 


Paris Fair 
The Paris Fair (April 28-May 14) 
had 10,500 exhibitors who used 2,852,- 
400 square feet of exhibit space. As 
in England, the number of instrument 


The Braille reading micrometer is 
based directly on the ordinary microm- 
eter. As the graduations of the ordi- 
nary micrometer are too fine to per- 
mit a blind person to read with his 
fingertips, the three fundamental sets 
of graduations were transferred to 
three large drums, which gave wider 


BRITISH GAGE AND TOOL EXHIBITION 


Top inset, Braille bevel protractor. 
Bottom inset, Braille reading micrometer. 


exhibitors at the gigantic industry- 
wide fair decreased from last year 
because of the growth of more spe- 
cialized trade fairs. 


Gage and Tool Exhibition 


The Gage and Tool Exhibition was 
held at New Hall of the Royal Horti- 
cultural Society, May 15th to 25th. 
This was the third Exhibition organized 
by the Gage and Tool Makers’ Asso- 
ciation. There were 76 exhibitors of 
gages and measuring equipment; jigs, 
fixtures and special tools; special-pur- 
pose machines and equipment; and dies, 
small tools, and diamond tools. 

Among the new developments were a 
Braille reading micrometer and a 
Braille bevel protractor, which are 
illustrated above. 


spacing and were numbered in Braille. 
The blind craftsmen, when taking a 
reading, revolves the first drum until 
the measuring faces and the job being 
measured are in satisfactory contact. 
Then he runs his finger tips along the 
single raised zero line on the fixed 
drum, and past this to whatever raised 
lines are in line with it on the first 
and third drum. As these lines are 
numbered in Braille, he can read the 
measurement indicated. 

The Braille bevel protractor is simi- 
lar to the ordinary universal bevel 
protractor in that the basic mecha- 
nism is a blade attached to a rotating 
drum pivoted in the center of a circu- 
lar base plate having an outward ex- 
tension. The desired angle, or the angle 
being measured, is that between the 
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EXHIBITS AT THE FIRST BRITISH INSTRUMENT INDUSTRIES EXHIBITION, OLYMPIA, LONDO 


hibitor spared no expense in producing” 
large attractive booths. The show was 
well organized under the direction of 


blade and the extension of the base 
plate. 

Immediately over the lower rotating 
drum are two more drums, which may 
be denoted as the center drum and the 
upper drum. The upper drum is di- 
vided into 36 divisions, each equal to 
0.25 degree. It is marked at every four 
divisions—that is, at every whole de- 
gree. One complete revolution of this 
drum indicates nine degrees. The di- 
visions are indicated by a raised tooth 
which can be discerned easily by touch, 
and the degree markings are in Braille 
characters. The zero line can be dis- 
tinguished from the ordinary divisions 
in that it goes across the drum. This 
means that, by reference to the raised 
line of the center drum, it is possible 
to say by how many degrees or quarter 
degrees the upper drum is turned. The 
center drum remains stationary and 
does not revolve. 
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British Instrument 
Industries Exhibition 


The first British Instrument Indus- 
tries Exhibition was held July 4-July 14 
at the National Hall, Olympia, London. 
The exhibit was suggested by the De- 
partment of Scientific and Industrial 
Research, and approved by five British 
manufacturers’ associations: 

The Electrical Allied Manufacturers 

The Lamp-blown Scientific Glass 

Ware 

The Industrial Measuring and Con- 

trol Apparatus Manufacturers 

Drawing Office Material Manufac- 

turers and Dealers 

The Scientific Instrument Manufac- 

turers s 

There were 143 exhibitors and 43,000 

square feet of exhibit space. Each ex- 


General Bols. The Exhibition was 4 
complete picture of the British Instru- 
ment Industry as the members of the 
above associations displayed their prod- 
ucts. 

The Exhibit was opened officially by} 
Minister of Supply Straus, at a luneh- 
eon. Here is a significant quotation 
from his talk: 

“Scientific instruments, whose pro- 
duction requires the most highly skilled 
designers and craftsmen, serve ht 
manity, economic prosperity and se 
curity. They are keys to health, wealth 
and defense. Holding as it does a stra 
tegic position in all three respects the 
industry is rightly protected by the 
Key Industries Duties, imposed under 
the Safeguarding of Industries Ath 
against imports of foreign instruments 
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INSTRUMENT EXHIBITS AT THE HANOVER HEAVY INDUSTRIES FAIR, HANOVER, GERMANY | 


ment manufacturers are more prosper- 
ous than they were a year ago. Deliv- 
ery quoted by many manufacturers 
was about four weeks. 

Since last year the Hanover Fair 
had added a new building—the Europa 
Hall. This hall has the largest clear 
span in Europe—perhaps in the world. 
It is 275 feet wide by 510 feet long, 
and provides an area of 140,000 square 
feet without a column. 

The Instruments Publishing Com- 
pany occupied Booth 607 in Hall XIV 
at Hanover. We exhibited Instruments, 
The Instrument Maker, and the books 
published by this company. The Brown 
Instrument Division of Minneapolis- 
Honeywell exhibited in Hall IX. 


General Comments on 
Europe and the Fairs 


Conditions in the instrument indus- 
tries in Europe are about the same as 
I reported last year except that the 
hourly wages have increased about 30 
percent with a resultant increase of 
approximately 25 percent in the value 


Page 1046—Instruments—Vol. 24 


of the annual production per man, and 
25 percent in sales price. 

In the Paris Fair and the British 
Instrument Industries Fair, the num- 
ber and size of the instrument exhibits 
decreased considerably. The chief rea- 
son is the recognition on the part of the 
instrument manufacturers that the 
large general fair is not as good a 
sales promotion medium as the trade 
exhibit. With the increase in speciali- 
zation, all countries eventually will 
have instrument exhibits. Scientific 
instrument exhibits now are held in 
London, Paris, and Stockholm, and an 
exhibit of apparatus (including instru- 
ments) is held in Germany. 

The huge size of European fairs and 
exhibits is probably due to the fact 
that the European and British manu- 
facturer is more familiar with such 
display as a sales-promotion medium. 
The American manufacturer, on the 
other hand, uses trade-paper advertis- 
ing more effectively. 

From the instrument man’s point of 
view the displays of instruments were 
not set up properly at the British In- 











dustries Fair, the Hanover Heavy In- 
dustries Fair, or the Paris Fair. At 
Hanover the instruments were distrib- 
uted over ten halls. Somewhat the 


* 


same condition existed at Paris and in| 


the BIF, where the fair was divided 
into three parts, of which two were in 
London and one in Birmingham, three 
and a half hours by train from London. 
Instruments and devices for measure- 
ment, inspection, testing, and auto- 
matic control should have been brought 
together in the same hall. If this had 
been done, the instrument engineer 
attending the Fair would not have had 
to walk all over the grounds. This ar- 
rangement also would have reduced the 
number of curiosity-seekers, and thus 
there would have been less _interfer- 
ence with those interested in instru- 
ments. 

Continued on page 1092 
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NEED PLANT OPERATORS 
Pre-Trained, Tailored-To-Suit? 





Our job-seekers are fully qualified to take over many 
of your toughest plant-operating jobs. They'll re- 
place experienced, emergency-scarce men in many a 
spot where you need more manpower. 

Listen to these qualifications: Will work three 
shifts, ‘round the clock, year in and year out. 
Dependable, accurate, economical. Not bothered by 
housing or transportation shortages. Trained for the 
job by years of experience on controlling every type 
of production process—iron, steel, non-ferrous 
metals, chemicals, coal, petroleum products, food- 
stuffs, textiles, electrical and mechanical products of 
all kinds. References: Every leading industrial concern 
in the country, and your principal competitors. Fee for 
services may be amortized over a period of years. 

The names of these willing workers? Meters, 
controls and related recording devices. These silent, 
compact, and efficient production experts include all 


types and sizes, to measure, control and make a 
permanent record of your use of cost-building 
quantities of fluids, solids, gases and electricity. 
* *# * * * 

Truly, modern, precision instrumentation is manage- 
ment at its best—devoted to the safeguarding of 
quality and uninterrupted production, and the 
preservation of profits through economical control 
of power, raw materials and goods in process. 

If you haven’t investigated, lately, what a mod- 
ernized, automatic system of meters and controls can 
mean in terms of manpower and materials savings, 
you owe it to your profit and loss statement to con- 
sult the instrumentation engineer who represents 
your favorite manufacturer of measuring and record- 
ing instruments. You'll find his name listed under 
“meters” or “controls” in the classified section of 


your telephone directory. 


This advertisement published as a public service by 


Instruments Publishing Company 


° Pittsburgh 12, Penna. 


A sample copy of “INSTRUMENTS” will be sent on request 


TRAN TE SAE ET TLE EEL IES A RAAT ATR TIE IIS RINE 


This advertisement was prepared by FuLLER & SmiTH & Ross INc., Advertising Agency for ALUMINUM COMPANY OF AMERICA, 


Baitey Meter COMPANY, THE PARKER APPLIANCE COMPANY, PITTSBURGH LECTRODRYER Corp. 
WEATHERHEAD Corp., and WESTINGHOUSE ELEcTRIC CORPORATION 
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INSTRUMENT 
ELECTRONICS 


By M. H. ARONSON, Managing Editor, Instruments 


II. CIRCUIT ELEMENTS 
ParT 2. INDUCTANCE 


Two of the three basic circuit elements—resistance and 
capacitance—have been discussed. Inductance is the third 
basic element of electric circuits. Inductance is a result 
of changes in the magnetic field which surrounds any cur- 
rent-carrying. conductor. 


Magnetic Field 


Like the electric field between the plates of a charged 
capacitor, the magnetic field around a magnet or a current- 
carrying conductor cannot be seen. Unlike the electric field, 
however, the presence of the magnetic field can be indicated 
simply by bringing a compass near the magnet or con- 
ductor; the needle of the compass always indicates the 
direction of the magnetic field. Lines with arrows are used 
commonly to denote the field, as shown in Fig. 2-15. The 
lines are called lines of magnetic flux, or flux lines. The 
strength of a magnetic field is indicated by the number of 
lines of flux per unit area. The strength of the field around 


















































Fig. 2-15. Magnetic fields. A, field produced by a magnet; B, 
field produced by direct current in a straight-wire conductor; 
C, field produced by direct current in a coil. 


the current-carrying conductor depends on the current in 
the conductor. 

When the conductor is fashioned into a coil, the magnetic 
lines of flux encircle each wire of the coil. Therefore, the 
flux lines combine in the center of the coil to produce a 
strong magnetic field, as shown in Fig. 2-15,C. In the space 
between any two adjacent turns, the lines of force are 
equal in strength and opposite in direction and, therefore, 
cancel each other. If many turns of wire are wound in the 
form of a coil, a strong magnetic field can be produced 
with only small current. A conductor wound in the shape 
of a coil is called an inductor, a reactor, or a choke. 

Reluctance.—Magnetic lines of force encounter a certain 
amount of opposition, called reluctance, in all materials. 
If the reluctance of a material is low, the number of lines 
of magnetic flux in that material is large—that is, a strong 
magnetic field can be produced easily in the material. As 
iron has much less reluctance than air, the magnetic flux 
produced by current in a coil is increased greatly by the 
insertion of an iron core within the coil. The large number 
of lines of force inside the coil then travel through the iron, 
making the iron a magnet. A magnet of this type is called 
an electromagnet. When a soft-iron core is used, a stronger 
field is produced than if a steel core is used. This is be- 
cause iron offers less opposition than steel to lines of flux. 
Therefore, soft iron is said to have lower reluctance, or 
greater permeability, because it carries magnetic lines of 
force more easily. As shown in Fig. 2-16, the high perme- 
ability of iron causes a magnetic field to be increased near 
the iron. Table IV lists the permeabilities of some common 
materials used in inductors. The permeability of a vacuum 
is 1; that of air is very close to 1. 

Nonmagnetic metals, such as copper or brass, have lower 
permeability than air. Therefore, they decrease the mag- 
netic field around a coil when used as a core in the coil. 

Core saturation—As current in a coil increases, the 
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magnetic field, or flux density, around the coil increases — 
also. However, when a magnetic core is used, a point is | 
reached where an increase in current produces no further | u 
increase in flux density. This point is known as the core | 
saturation point. Core saturation is used in constant-volt- 
age transformers and in magnetic amplifiers, as will be |) 
explained later. a 
TABLE IV.—PERMEABILITY OF SOME COMMON MATERIALS, |) 
Substance _ Permeability a F 
(approx.) 4 oon 
ee eer ee iF 
ME alae lias alg 0:48 Soin, eal 06 a6. OE we 
oS pie seit te 600 The er 
Bre NU ED 5 coca sous b.6 «ie oie a din oes 6,000 tance, 
Ee Ee eer eee Si 10,000 cuit Ww 
Iron-cobalt alloy (Co 34%) ................ 13,000 neighb 
Permalloy (Ni 78.5%, Fe 21.5%) :.......... 80,000 Indu 
Hysteresis—Some magnetism remains in the core of an § Henry, 
electromagnet after the magnetizing force (current through § elemen 
the coil) drops to zero. This residual magnetism causes the § change 
magnetic flux to lag behind the magnetizing force, or cur- § a coun 
rent. The lagging of the magnetic field behind the magnetic henry 
force which produces it is known as hysteresis. Like a § smalle: 
spring which does not return to original size when the § of a h 
spring tension is released, hysteresis is a troublesome henry) 
source of error in instruments, such as magnetic amplifiers, The 
which depend on core saturation for operation. sions : 
Induced emf. laud ¢ 
Whenever a conductor is moved in a magnetic field © = : 
or, conversely, whenever a magnetic field moves past a alice 
_ where 
lis me 
' netic ¢ 
| the nut 
' length 
varies 
Fig. 2-16. Effect of the high permeability of soft iron on & with tk 
magnetic field. numbe 
ee the coi 
conductor, an emf. is induced in the conductor. This is The 
the basic principle of operation of the electric generator. great]; 
An emf. is induced whenever lines of magnetic flux cut many 
across a conductor. coils v 
Consider a coil connected across an a-c. generator. The 217, 
applied emf. causes alternating current, which causes 4 § 4p ing 
magnetic field. As the magnetic field expands and con- § gy.) é 
tracts about the coil, the lines of flux move away from, 
and then fall back into, the coil. The lines of flux cut § Phase 
across the conductors of the coil (and also across any Fig 
other conductor near the coil). Therefore, emf’s. are in- induct 
duced in the conductors by the lines of flux. ‘ (E) a 
The emf. induced in the coil has a polarity oppos@ § iia. 
to:that of the applied emf. As the induced emf. always Whe 
opposes the applied emf., the induced emf. is called counter tthe 
emf. This counter emf. opposes any variation of the cur- oppose 
rent; when the current is increasing, the counter emf. the co 
opposes the growth of current; when the current is decreas- when 
ing, the counter emf. opposes the decrease and keeps the 











ing. Thus, inductance is analogous to the in- 
oe Pe ockantenl mass. When you speed up an auto- 
mobile its inertia opposes the acceleration, just as the 
inductance opposes any current increase. When you take 
pe foot off the accelerator, the inertia of the car carries 
rage just as inductance keeps current flowing after the 
soures of potential is removed. Inductance in a circuit 
tends te prevent any change in current through the circuit. 





Unit of Inductance 

In order to induce an emf., lines of flux must cut a con- 
ductor. Hence, counter emf. is induced only when current 
changes. Inductance is the property of a circuit element 
which determines the amount of counter emf. induced in the 
element by a given rate of change of current in the element. 
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ity Fig. 2-17. Inductors and symbols. A, filter choke with iron 
) core; B, radio-frequency choke with air core. 
The emf. induced in the same circuit is called self-induc- 
tance, or inductance (L). That property of an electric cir- 
cuit which determines how much emf. is induced in a 
neighboring circuit is called mutual inductance (M). 
Inductance is expressed in henrys in honor of Joseph 
of an Henry, a discoverer of electromagnetic induction. A circuit 
hrough — element has an inductance of 1 henry if a uniform current 
ses the § change of 1 ampere per second through the element causes 
or cur- § a counter emf. of 1 volt to be induced in the element. As a 
agnetic § henry is a large unit of inductance, electronics men use 
Like a § smaller units, such as the millihenry (one one-thousandth 
en the } of a henry) and the microhenry (one one-millionth of a 
lesome § henry). 
lifiers, The inductance of a component depends on the dimen- 
sions and shape of the component. It is independent of 
current (when the core is nonmagnetic), and can be de- 
> field | fined in terms of the dimensions of the component and the 
| magnetic permeability of the core. The equation for the 
past a | inductance of a long, thin coil wound on an iron core is: 
L = KuSN?2/108l, 
where K is 3.192 (when S is measured in square inches and 
lis measured in inches), u is the permeability of the mag- 
netic circuit, S is the cross-sectional area of the core, N is 
the number of turns of wire wound on the core, and | is the 
, length of the coil. This equation shows that inductance 
varies directly with the permeability of the core, directly 
na with the cross-sectional area, directly with the square of the 
number of turns of wire, and inversely with the length of 
his is the coil. ae 
aiid The values of inductance used in electronic circuits vary 
x cat greatly. Power-supply filters require an inductance of 
many henries. To obtain such high values of inductance, 
-. The coils with many turns wound on iron cores are used (Fig. 
ses a | “LA). Coils for high radio frequencies have air cores and 
Bre an inductance of millihenrys and microhenrys (Fig. 2-17,B). 
Po Such coils are called radio-frequency chokes (R.F.C.). 
ix cut § Phase Relations in an Inductor 
cy _ Fig. 2-18,A shows an a-c. generator connected to an 
inductor. Eo and Ip are meters for measuring the voltage 
yposite a ag the inductor and the current (I) through the 
uctor. 
— When the alternating voltage across the coil increases, 
pei the current tends to increase. The induced counter emf. 
- emf, | °PPoses the increase. Therefore, the current increases in 
creat the coil after the impressed voltage increases. Likewise, 
ps the when the current is decreasing, the induced counter emf. 











causes the current to fall off later than the impressed 
voltage. Thus, the current lags behind the voltage. 

If a sinoidal voltage is impressed across a pure induc- 
tance, the current lags a quarter of a cycle, or 90 degrees, 
behind the voltage. This is shown in Fig. 2-18,B and C. 

Note that the phase relations in an inductor are opposite 
to those in a capacitor. Whereas current leads voltage in a 
capacitor, voltage leads current in an inductor. This is 
why an inductor and a capacitor form a resonant circuit, 
as will be explained later. 

Fig. 2-18,B shows also that the power (W) dissipated 
by a pure inductor is zero. The power at any instant is 
the product of the current and the voltage at that instant. 
Note that the power is positive for % cycle and then nega- 
tive on the next % cycle. A period of positive power repre- 








Fig. 2-18. Action of an inductor. A, circuit for measuring alternating 
current (I) through, and voltage (E) across an inductor; B, curves 
of E, I, and poker (W); C, phase relation between E and I. 
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Fig. 2-19. Transformers. A, air core; B, iron core step-up and step- 
down. 


sents the time when the inductor takes energy from the 
source in order to build up the magnetic field. A period 
of negative power represents the time when the magnetic 
field collapses and returns the energy to the source. Thus 
the average power consumed by the inductor is zero. 


INDUCTIVE REACTANCE 


The counter emf. in an inductor opposes the flow of 
alternating current. This opposition is known as inductive 
reactance (X;) and is measured in ohms. 

The magnitude of the counter emf. is proportional to 
the rate of change of the current through the coil. There- 
fore, the inductive reactance of a coil increases with the 
frequency of the current because a higher-frequency cur- 
rent changes more rapidly. The equation for inductive 
reactance in ohms is: 

X,, = 27 FL = 6.2882 FL, 
where F' is the frequency in cycles per second and L is the 
inductance in henrys. The reactance increases with fre- 
quency because (1) a higher frequency is equivalent to a 
greater rate of change of current, and (2) the counter emf. 
depends on the rate of change of current. 

Like resistance, reactance is measured in ohms, and 
Ohm’s law can be applied to inductors. The current flow 
through the inductor of Fig. 2-18,A can be determined by 
Ohm’s law: 

I= E/X,, 
Note that this equation is the same as Ohm’s law for re- 
sistors and capacitors except that inductive reactance is 
used instead of resistance or capacitive reactance. 


MUTUAL INDUCTANCE 


When two coils are placed close enough to each other 
so that magnetic lines of force’ produced by one coil link 
the turns of the other, the coils are said to be inductively 
coupled. The inductively coupled coils are called a trans- 
former. If an a-c. voltage is applied to one coil, an a-c. 
voltage is induced in the second coil (Fig. 2-19). This 


Continued on page 1080 
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INSTRUMENTS ON THE MARCH 


New Principles, Applications, Non-commercial Developments 





WASHINGTON, D. C.—To aid in 
determining the properties of dielec- 
trics and their dependence on frequency, 
temperature, and humidity, the Na- 
tional Bureau of Standards has estab- 
lished radio-frequency standards for 
dielectric measurements, according to 
Technical Report 1529. For solid di- 
electric specimens, dielectric constant 
and power factor calibration services 
are now available in the frequency 
range from 10 kc. to approximately 
600 Mc. Somewhat more limited cali- 
bration services also are offered for 
gases and liquids. 

The NBS technique for evaluating 
dielectric properties employs a disk- 
shaped capacitor made from the mate- 
rial to be investigated. The complex 
dielectric constant of this capacitor 
is conveniently measured by bridge or 


R-f. Dielectric Standards 


resonance methods. Special micrometer 
electrode systems are used consisting 
essentially of two plates (of near op- 
tical flatness) which form a variable 
capacitor. One electrode is insulated 
by a quartz disk; the movable or 
grounded electrode is attached to a 
holder by metal bellows arranged so 
that there are no sliding contacts. The 
position of the movable electrode is 
accurately controlled by a micrometer, 
and the capacitance of the entire system 
is calibrated against an incremental 
precision capacitor. The structure sup- 
porting the movable electrode forms an 
effective shield for the electrode sys- 
tem. 

The NBS micrometer electrode sys- 
tem is used in conjunction with conven- 
tional bridges or resonance indicating 
devices. The dielectric specimen is in- 





Fig. 1. 


NBS apparatus for measuring the dielectric constant 


serted between the electrodes, and the 
bridge is balanced or the circuit rego. 
nated. The specimen is then removed 
and the spacing between the electrodes 
is reduced until the bridge rebalances 
or the circuit re-resonates. The dielec. 
tric constant is determined from the 


capacitance corresponding to this read. | 


ing on the micrometer dial and the 
capacitance corresponding to the mi- 
crometer dial when set to the known 
thickness of the specimen. This tech- 
nique for determining the dielectric 


constant circumvents fringing errors, | 
It is known as the susceptance varia- | 
tion method. It is valid with commer- | 
cially-available bridges for frequencies | 


up to approximately 300 Mc. 
At frequencies above 500 kce., the 
power factor and dielectric constant 


are usually determined most accurately 
The circuit’ 
including the electrode system and the | 


by a resonance method: 





Fig. 2. NBS resonant cavity apparatus for determining dielectric 






















constant and power factor. The specimen, made into circular disks 
(center foreground), is inserted into the cavity to form part 
of the resonant circuit. The dielectric constant and power factor a 
are determined from the micrometer readings and the voltages 
(voltmeters at left) across the specimen. At extreme right, signal 
generator. Cavity at left operates in range from 150 Mc. to 500 
Mc.; smaller cavity in right foreground operates from: 400 Mc. 
to 600 Mc. 

Fig. 4. Equip t for ring dielectric constant and power 
factor at the National Bureau of Standards. The NBS electrode 
systems are designed so that they may be conveniently plugs 
into most commercial bridges. In the foreground are two bridges 
of different frequency ranges with the electrode systems plugged 
into position. Typical disk specimens are on top of each bridge. 
Monitoring and frequency generating equipment in background. 


and power factor of materials such as polystyrene or quartz. The 
measuring unit (center foreground) consists of a negative re- 
sistance circuit, which yields Q values of 100,000 at frequencies 
near 1 Mc. Sample material is inserted in an electrode system 
(above operator’s hand) which serves as a variable capacitor, and 
a voltmeter (right) measures the voltage across this capacitor- 
electrode system. At left, h-f. generator; in center, d-c. power 
supply. 

Fig. 3. Equipment used at the NBS for dielectric measurements 
under controlled conditions over a wide range of temperature 
and humidity. The measuring unit (center) is designed so that 
ten specimens may be conditioned simultaneously and measure- 
ments made individually on all specimens without opening the 
test chamber. This system is used up to 30 Mc. The auxiliary 
apparatus are the humidity and temperature controlling units, 
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The new Swartwout Autronic Control System is 
the first miniature all-electronic control system 
for process and power instrumentation. 
Completely revolutionary in conception, 

it is the ultimate in centralized control 

no matter how stringent your requirements 

for accuracy, speed, reliability and compactness. 


Because transmission of information 

throughout the Autronic Control System is 

by electrical means only, there is no transmission lag; 
control of final element is accurate, 

positive and imstantaneous. Right from the 

primary measuring element to the final element there is 
no mechanical motion whatsoever . . . no slide wires 
to initiate control action . . . no booster 

mechanisms or other delicate equipment 

to overcome distance effects . . . no trouble 

caused by air leaks or frozen air lines. 


Call in our engineering representative to explain 
how the Swartwout Autronic Control System can bring 
mew accuracy and speed to your process instrumentation 

and control. Or write today for literature 
on the new Swartwout Autronic Control System. 





THE SWARTWOUT COMPANY - 18511 EUCLID AVENUE » CLEVELAND 12, OHIO 


September 1951—Instruments—Page 1051 

















OHAITE 


WIRE-WOUND 
RESISTORS 


the TYPE YOU NEED 
FROM THE MOST COMPLETE 
LINE ON THE MARKET— 


OHAITE. 


WRITE ON COMPANY 
LETTERHEAD FOR CATALOG 
AND ENGINEERING 
MANUAL NO. 40 
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specimen is resonated, and the voltage 
"geross the unknown is recorded. The 
“specimen is then removed, the circuit 
ye-resonated, and the voltage across 
the air capacitor is recorded. From 
these voltages and the known Q of the 
electrode system, the loss properties 
of the specimen are evaluated. Again, 
the dielectric constant is simply de- 
termined from the dial reading of the 
micrometer at the re-resonant point and 
the corresponding calibrated capaci- 
tance. 

This resonance technique is used over 
a wide frequency range and is particu- 


100 Mc. At these frequencies the in- 
ductor becomes a single turn; therefore 
the method is to utilize a doubly re- 
entrant resonant cavity (essentially a 
coaxial structure shorted at both ends 
with a variable gap in the center con- 
ductor) of either fixed or variable 
length. The test specimen occupies the 
gap between the reentrant posts. The 
frequency of operation of the fixed- 
length cavity is governed by the con- 
stants of the specimen inserted between 
the reentrant posts as well as by the 
geometry of the cavity. Consequently, 


similar in structure to the movable 
electrode of the micrometer electrode 
system described previously, is also 
micrometer-controlled and is calibrated 
at the lower frequency in terms of the 
capacitance between the reentrant 
posts. This again permits measure- 
ments without appreciable corrections 
for lead inductance. The techniques 
used in the resonance method are equal- 
ly applicable to reentrant-cavity meas- 
urements. Resonant cavities are advan- 
tageous because Q’s of the order of 


the operating frequency cannot bespeci- .1000°"to 3000 are readily obtainable, 


fied in advance. The variable electrode, 


thus providing convenient voltage ratios. 








larly applicable at frequencies above 


Air-launched Automatic Weather 
Station 


WASHINGTON, D. C.—A _ self-contained automatic 
weather station which transmits weather data by radio has 
been developed at the National Bureau of Standards for 
the Navy Bureau of Ships, according to Technical Report 
1534. Named the “Grasshopper,” the device can be para- 
chuted from aircraft onto inaccessible territory. It auto- 
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The “Grasshopper” in upright position, ready for operation. 


matically sets itself up and periodically makes and trans- 
mits weather observations. It can be used also as a radio 
marker-beacon. 

After the station has parachuted to earth, controlled 
explosive charges disengage the parachute, raise the station 
to an upright operating position, and erect a telescoping 
antenna. Weather-responsive devices then cause resistance 
changes, which switch a radio transmitter on and off at 
rates proportional to temperature, pressure, and humidity. 

The radio transmitter consists of a crystal oscillator 
followed by a radio-frequency amplifier stage. A relay in 
the plate circuit of a relaxation oscillator turns the crystal 
oscillator on and off at a rate proportional to the value 
of a variable resistor, which is temporarily inserted by a 
clock mechanism into the relaxation-oscillator circuit. One 
variable resistor is sensitive to temperature, a second is 
Sensitive to pressure, and a third is sensitive to humidity. 


The clock, in addition to inserting the several weather- 
responsive resistors into the circuit in a predetermined se- 
quence, connects two other resistors at appropriate inter- 
vals. These are a reference resistor and an identification 
resistor, both of constant value. 

The developmental model of the weather station has an 


output of about 5 watts. Operating on a frequency of about 
5 Mc., it has a land range of more than 100 miles. The dry 
batteries provide power for transmission of weather reports 
at 3-hour intervals for more than 15 days. 


AGA Issues Instrument Book 


NEW YORK CITY.—There has just been published the 
“Reference Book on Instruments for Electrolysis, Corro- 
sion and Cathodic Protection Testing,” prepared by the Sub- 
committee on Instrumentation of the American Gas Asso- 
ciation. This is a letter-file-size binder composed of nine 
sections, marked by tabbed guides. The first section consists 
of 48 pages of text on characteristics and use of corrosion 
instruments and testing. equipment. The other eight sec- 
tions are made up of manufacturers’ catalog sheets show- 
ing current models of instruments for electrolysis, corro- 
sion and cathodic protection testing. Copies of this book are 
available from American Gas Association, 420 Lexington’ 
Avenue; New York 17, N. Y. The price is $1.50. 


Press Brake Features Photoelectric 
Control of Ram Motion 


CHICAGO, Ill.—What is believed to be the first press 
brake ever to utilize photoelectric control of the “ram” 
motion has been constructed by the Verson Allsteel Press 
Company of Chicago. Through use of a General Electric 
control system, the ram may be held completely level 
through its stroke, or may be operated at a preselected 
degree of tilt down to a thousandth of an inch. 

The new press brake is hydraulically operated. The ram 
is actuated by two independent hydraulic cylinders supplied 
from separate matched pumps. A reversible booster hy- 
draulic pump is used to transfer oil from one line to an- 
other to maintain position synchronization of the ends of 
the ram. The booster pump is driven by a motor supplied 


Continued on page 1090 
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Check These 
OUTSTANDING ADVANTAGES: 


/ Requires less panel space. 


</ Controls one or two processes from one 


location. 
</ Affords electric or pneumatic control. 
/ Provides independent chart and cam 
drives. 


Vv Permits wide range of cam speeds, 14 
to 24 hours per revolution. 








Im Available with single pen, single cam; 
two pen, single cam; single pen, dual 
cam; two pen, dual cam. 


vA Visual or audible signals are optional 
. - - are operated by separate contacts 
which are adjustable throughout time 
range and may be used to interrupt cam 
travel or shut down process. 















PROGRAMMING AND CONTROL, 






Desicnep to save space and reduce instrument 
investment, this new Brown thermometer per- 
mits measurement and control that heretofore 
required two control thermometers and two time- 
pattern transmitters. 


Applicable where time versus temperature con- 
trol is desired, it performs three separate func- 
tions from one case . . . for either one or two 
processes. Featuring integral cam programming, 
it (1) measures and records the temperature, 
(2) automatically positions the set point index, 
and (3) automatically controls the variable. 
You get more compact control to save space, 
more accurate control to increase uniformity, 
more dependable control to raise operating effi- 
ciency. Check the list of outstanding advantages 
which appears at left. 


‘ 






































Tue New Brown integral cam program controller 
. utilizing remote bulb thermal systems for tem- 
perature ranges from —125 to +1000° F.... is 
available with one or two pens and one or two 
cams as required. 
The chart is visible at all times through the trans- 
parent cam and the hinged cam assembly can be 
swung out to change or mark the chart during 
operation . . . without any effect on the control 
or program. 


The cam drive is independent of the chart drive, 
may be the same speed as the chart or a different 





speed. When two cams are used, they may be 
driven at the same speed or at different speeds. 
The variation of speeds plus the availability of 
dual or duplex electric and pneumatic control 
offer a flexibility which may solve the most diffi- 
cult program control problems. 


Write for a copy of Catalog No. 6020... call in 
our local engineering representative for a discus- 
sion of your application. 


MINNEAPOLIS- HONEYWELL REGULATOR Co., 
Industrial Division, 4482 Wayne Ave., Phila- 
delphia 44, Pa. 


Honeywell 











The Month’s NEW INSTRUMENTS 





In this department we report each month new devices for measurement, inspection, testing, 


computing, metering and automatic control—in the form of concise technical descriptions. 


FOR FURT 


Electrical Weighing Systems 


New industrial weighing systems are 
announced which comprise: (1) Bald- 
win-Lima-Hamilton Corp.’s load cells 
for converting tensions or compressions 
into voltage outputs; (2) installation 


components for adapting new system 
to hoists, cranes, platforms, continuous 
conveyors, mine cars, ladle trucks, etc.; 


(3) suitable bridges and amplifiers; 
(4) maker’s own remote indicators, 
printers, recorders or combination in- 
struments. Functionally, new system 
is mechanoelectrical at primary force- 
measuring elements and electrome- 
chanical at final recording elements; 
and it utilizes purely electrical trans- 
mission; hence has advantage of being 
functionally non-electronic. (Electron 
tubes are used in amplifiers, but cir- 
cuits are such that usual inevitable 
changes in tube characteristics do not 
affect over-all system accuracy; and 
checking and replacement of tubes 
is as easy as in radio receivers.) 
Among features: (1) spring take-up 
reels of brushless type for cables; 
(2) automatic temperature compensa- 
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<a” $24 | 


tion resistors inside load cells; (3) 
automatic self-balancing bridge instru- 
ments; (4) weights can be printed 
on tapes, cards, ledger sheets, etc.; 
(5) range-change provision, especially 
desirable on large scales; (6) conven- 
ient zero adjustment; (7) maintenance 
problems said to be “practically nil’ 
as compared to lever-system scales.— 
Streeter-Amet Co., 4101 Ravenswood 
Ave., Chicago 18, IIl. 


Mention No. 901 when filling out card. 





Infrared Spectrometer 


New “Model 12-C” Infrared Spec- 
trometer features a densitometer at- 
tachment permitting accurate routine 
quantitative infrared reading to 
+ 0.025% in either transmittance or 
absorbance.—The Perkin-Elmer Corp., 
Norwalk, Conn. 

Mention No. 902 when filling out card. 





Air-operated Strip-chart 
Recorder-Controller 


New automatic controller is said to 
combine advantages of pneumatic con- 
trol and having a 120-foot-long 11-inch 
calibrated-width chart. Its self-balanc- 
ing potentiometer has a _ 10-percent 
proportional band, a 150-percent pro- 
portional band and manual reset, or 
a 150-percent proportional band and 
automatic reset.—Brown Instruments 
Div., Minneapolis-Honeywell Regulator 
Co., 4482 Wayne Ave?, Philadelphia, 
Pa. 


Mention No. 903 when filling out card. 





HER INFORMATION USE THE POSTAGE-FREE ORDER CARD ON PAGE 1113 


a 


Cupcase Thermometer 
New “Model 8652 Cupcase Thermom- 








eter,” meets all ASTM specifications, is | 


narrow enough to fit into 2-in, gage 
pipes in oil storage tanks, is for use 
in oil industry where temperature af. 
fects volume of oil at time of sale, 


Cup capacity is 100 ml. as compared 
with smaller types of 20 to 60 ml, ea. 7 


epee 








pacity. Hence slower response to tem- 
perature change as _ thermometer is 
raised from each reading depth and 
passes through varying temperatures 
at other levels, permitting accurate 
volumetric corrections for readings 
above or below sale price temperature 
of 60 F. Bulb is 0.625 in. from nearest 
wall of cup and almost centered to 
provide greatest possible lag. Cup has 
slanting top to prevent catching on 
obstructions. — Tagliabue 
Div., Weston Electrical Instrument 
Corp., 614 Frelinghuysen Ave., Newark 
5 N. J. 
Mention No. 904 when filling out card. 





Non-indicating Pneumatic 
Temperature Controller 
New “Model HA” utilizes differen- 

tial-expansion principle as does “Model 


H” but Micro-Switch is replaced by 
a pilot air valve that handles 15-psi. 
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‘Burling Instrument Co., 5 Vose 












ae oe No. 905 when filling out card. 















Shadowing Unit for 

Electron Microscopes 
New “Type EMV-6 Shadowcaster” 
is used to deposit a thin coating of 


tungsten, molybdenum, or other suit- 
able material by evaporation on speci- 





mens prepared for study in maker’s 
electron microscope, providing neces- 
sary contrast to allow users to visualize 
third dimension of specimens. It speeds 
preparation by permitting processing 
as many as six glass slides at a time. 
. —RCA Engineering Products Dep't, 
Radio Corp. of America, Camden, N. J. 
Mention No. 906 when filling out card. 




















Pickups for Pitch & Yaw 
be Angles and Pitot & Static 
“and Pressures 
— New “Ogive Pitch and Yaw Angle 
dings of Attack Pickup” operates at sub- 
ature sonic and supersonic speeds up to 
arest Mach 8. In operation, ogive and fin 

assembly swivel on a universal joint 
has to face airstream at all times. Instru- 
y on 
ents | 517 
ment | 
park § 

£ 
tic 
¥ 
ren- : a : 
fodel ment is available in two models: “Mod- 
| by el 2519D” measures pitch and yaw 
psi. angle of attack in ranges up to +20 


degrees with an accuracy of 0.2 deg.; 
ogive is 2.5 in. long. “Model 25112” 
is identical, with addition of a Pitot- 
static tube mounted on ogive; it faces 
airstream at zero angle of attack, 
ideally sampling static pressure. Ram 
pressure and static pressure are trans- 
mitted through universal joint with 
less than 1 percent error to pressure 
Pickups in test vehicle; ogive with 
stinger is 5 in. long. Features of both 
models _are high natural frequency, 
suitability for installation as leading 
Portion of a spike antenna, and 0-5- 
volt d.c. electrical output.—G. M. Gian- 
mnt & Co., Pasadena 1, Calif. 


Mention No. 907 when filling out card. 











Filter and Dehydrator 
for Instrument. Air 


New “Model B Condensifilter” re- 
moves water, oil, sludge and other 
foreign materials from compressed air. 
It combines a dehydrating device, a 
mechanical filter and a _ self-purging 
trap. Height 15 in.; diam. 9 in.; ca- 
pacity 30 scfm. at 100 psi. Air is ad- 
mitted through side, directed through 
condensing section where it is dehy- 


< 






drated, and then passed through me- 


chanical filter. Total pressure drop 
is less than 2 psi. at 100 psi. Con- 
densing unit, which removes water in 
both entrained and vapor states, is 
composed of a series of copper coils 
through which cold water flows. It 
lowers air temperature to within 2 
deg. of cooling-water temperature; 
then, when air warms to atmospheric 
temperature again, a spread between 
temperature and dew point is effected. 
Filtering unit removes particles as 
small as 1 to 2 microns, is cleaned by 
immersing in a suitable solvent. For 
requirements greater than rated ca- 
pacity of a single unit, ‘“Condensi- 
filters may be installed in parallel. 
(Same when uninterrupted service is 
desired.)—Hankison Corp., 291 Ren- 
ton Bldg., 1501 Beaver Ave., Pitts- 
burgh 33, Pa. 


Mention No. 908 when filling out card. 





Infrared Spectrophotometer 


New “Model 21” Double-beam In- 
frared Spectrophotometer features a 
prism interchange assembly, allowing 
simple replacement of various prisms 
for infrared studies in different spectral 
regions. Prism, its table, Littrow mir- 
ror, wavelength and slit cams, and 
wavelength counter, are mounted on a 
separate assembly. For interchange, 
whole assembly is removed and alter- 
nate installed. Repositioning is de- 
termined by Littrow mirror bearing 
and cam shaft bearing.—The Perkin- 
Elmer Corp., Norwalk, Conn. 


Mention No. 909 when filling out card. 


Air Pollution Instruments 


Two new assemblies are announced 
of maker’s “Thomas Autometer” for 
fully automatic analysis and recording 
of air pollution by SO.— either an In- 
tegrating or Non-integrating assembly, 
complete with “Speedomax” recorder. 
(1) “Integrating Autometer” continu- 
ously records SOs concentration in 
ppm., records average concentration 
integrated over a half-hour period, au- 
tomatically checks zero every 30 min. 
and marks off each cubic foot of air 
sampled. Non-integrating assembly pro- 
vides only continuous record of SO: 
concentration.—Leeds & Northrup Co., 
4934 Stenton Ave., Philadelphia 44, Pa. 


Mention No. 910 when filling out card. 





Pneumatic or Hydraulic 
Temperature Controller 


New “Accritem Temperature Reg- 


ulator” is an expansion-stem automat- 
ic temperature controller with a fluid 
for either compressed 


relay suitable 





air or water (at 15-psi. pressure) as 
the medium for operating maker’s 
“Flowrite” or “Metaflow” diaphragm- 
motor valves. When water-operated, 
a drip-plug is supplied which dis- 
charges at atmospheric pressure. Tem- 
perature ranges: 50-250 F. and 150- 
350 F. Stem consists of outer copper 
tube and invar rod. Corrosion-resistant 
wells available-—The Powers Regulator 
Co., 3501 Oakton St., Skokie, Illinois. 


Mention No. 911 when filling out card. 





Remote Force Indicator 


New improved “Tens-O-Trol”  sys- 
tem measures tension, weight, or trac- 
tive loads remotely. Standard traction 
dynamometer with ball-bearing type 
synchro motor is connected by rubber- 
covered cable to repeater motor housed 





ag 
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in a metal cabinet. External 12-volt 
battery supplies current. Loads im- 
posed on dynamometer transmitter are 
read on repeater station at distances 
up to 400 feet. Alterations have been 
made in cabinet size, appearance and 
dial layout.—W. C. Dillon & Co., 1421 
S. Circle Ave., Forest Park, Iil. 


Mention No. 912 when filling out card. 





Flexible Manometer 


New flexible manometer for field use 
is made of durable vinyl-plastic; can 


re 





be rolled or twisted into shape. Plastic 
seale is firmly held between tubes and 
is adjustable.—F. W. Dwyer Mfg. Co., 
317 S. Western Ave., Chicago 12, IIl. 


Mention No. 913 when filling out card. 





High-speed Counter 


New “Series 1370” counter is said 
to permit “higher speeds than ever 
before available in a mechanical count- 
ing device.” It is rated at 1500 drive- 
shaft rpm. (15,000 counts per minute 


with a standard 10-digit unit wheel) ; 
withstands higher speeds for short op- 
erating periods.—Veeder-Root Inc., 
Hartford 2, Conn. 


Mention No. 914 when filling out card. 





TV Transmitter Equipment 


New “Model TA-124-E Image Orthi- 
con Chain” comprises portable units: 
Pickup Head and Electronic View 
Finder; Image Orthicon Control and 
Monitor; Pickup Auxiliary; Mixer Am- 
plifier; Low Voltage Supply; Synchro- 
nizing Generator; and Distribution 
Amplifier and Low Voltage Supply.— 
Television Transmitter Div., Allen B. 
Du Mont Labs., Inc., 1000 Main Ave., 
Clifton, N. J. 

Mention No. 915 when filling out card. 





D-c. Amplifier 
New “Model BL-962” direct-coupled 
amplifier, for use in standard 19-in 
rack and having a 7-in. high front 
panel, has voltage gain of approx. 


1000 times, sufficient to give 1 mm. de- 
flection on chart of maker’s oscillo- 
graph per millivolt input. Zero signal 








Automatic Inspector 


New “Laucks Sentry” continuously 
measures moisture content of products 
such as woods, veneers, etc.; and au- 
tomatically marks or rejects all stock 
not complying with specification. Right- 
hand photo shows installation on a 
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for Moisture Content 


jointer machine in a furniture factory. 
Made by Instrument Div., Lauks Lab- 
oratories; marketed by Lauks Sentry 
Products, 4441 Stuart Bldg., Seattle 
1, Wash. 

Mention No. 916 when filling out card. 


drift and effects of power-line flue. 
tuation are minimized. When new am 
lifier is used with maker’s penmotor 
frequency response is essentially lin. 
ear from d.c. to 100 cps.—Instrument 
Div. 33, The Brush Development Co. 
3405 Perkins Ave., Cleveland 14, Qhig 

Mention No. 917 when filling out card, : 





Laboratory Carrier Amplifier 


ae 


supply (lower cabinet) will energize 
one or two 2-channel bandpass ampli- 
fiers (upper cabinets.) Transducer in- 
puts are brought to bridge circuits 
which ‘are convertible for 1-, 2-, and 
4-legged configurations for conven- 
ience in summing or difference-taking 
of transducer arrays through single 
amplifier channels. Bridges are of plug- 
in thermally-insulated design for quick 
interchangeability. Among other fea- 
tures: special network provides read- 
ings from 120-ohm strain gages with | 
calibration directly in terms of steel 
stress. Static zero drift of oscillograph | 
traces is compensated through an auto- 
matic zero-control circuit which per- / 
mits unattended operation.—Electron- | 
ic Engineering Associates, Ltd., 1048 | 
Brittan Ave., San Carlos, Calif. | 

Mention No. 918 when filling out card, 


A-c. or D-c. Amplifier 


New amplifier has input impedance of 
less than one ohm; frequency response 
uniform from d.c. to 5000 cps.; load im- 
pedance can be any value, 10,000 ohms 
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» mechatronic 


ANGE SERVO 


We call it mechatronics~ 
as a symbol for Servomechanisms’, 
Inc., fechnique for the multiple and 
Taliciaelatelater-xelol(-MULt-MRClMES folate lel cep 
aUiaket Kol ake] | ame oXeKel dekel-te MECT-1 a Ze) 
components in varied electronic 


and electro-mechanical systems. 


mechatronics fulfills the urgent 
atstste Mi Keys 
sy oXol ite] Me Lelelcololiitay 


dam iticelitmiutelialceliiteleliiiay Y Atypical Servomechanisms; Inc., assembly 
. using mechatronic packaged functions. 


SERVOMLOCHLONISMS nc 


Ft, Lauderdale, Florida — El Segundo, Calif. POST AND STEWART AVES., WESTBURY, N. Y. 


® Training Simplicity 
® Ease of Assembly 


“Trademark 
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Controlled 
dual heat—on 
in 5 seconds, off 
when you re- 
lease trigger— 
lets you adjust 

) te tip temperature for 
light and heavy instrument 
soldering. Precision balance, 
longer reach and tip construction 
ideal for delicate jobs. Rating up 
to 250 watts speeds heavy work. 
Time-and-power savings pay for 
your Weller Gun in a few months. 


250-Watt WELLER 
SX SOLDERING GUN 


hy 


= A 


SS 


for Ligh 
and 
Heavy ‘aa 
Instrument ‘Sea 
Work 


TRIGGER-SWITCH CONTROL—Ideal for 
intermittent work. No need to unplug gun 
between jobs. 
5-SECOND HEATING — No waiting, no wasted 
current. 
PRECISION BALANCE—Simplifies delicate 
work. 
SOLDERLITE—Spotlights the work. 
LONGER REACH —Slides easily into tight 
spots. 
@ WELLERTIP—Chisel shaped for faster heat 
transfer. Over/under terminals brace tip for 
heavy duty. 
@ DUAL HEAT—Single heat 200 watts; dual 
heat 200/250 watts; 120 volts, 60 cycles. For 
all instrument soldering. 


See the 250-watt Weller Soldering Gun at 
your distributor, or write for bulletin direct 


SOLDERING GUIDE—Get your new copy of 
“Soldering Tips’’—revised, up-to-date, 

fully illustrated 20-page booklet of 

practical soldering suggestions. 

Price 10c¢ at your distributor, 

or order direct. 


WELLER 
ELECTRIC CORP. 
800 Packer Street, Easton, Pa. 
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or higher. Amplifier is said to be of 


a new type, in that it employs maker’s 
“Model 303-A”  electrically-operated 
electromagnetic capacitor. This new 
device consists of a Dural ribbon 
stretched in a strong magnetic field 
next to an insulated rigidly-fixed back- 
plate. Ribbon and back-plate constitute 
a capacitor. When a.c. or d.c. is passed 
through ribbon, capacitance value is 
altered. Resonant frequency is adjusted 
by adjusting tension. Ribbon movement, 
and hence capacitance change, is sub- 
stantially uniform with applied voltage 
or current from 0 to 5000 cps. Sensi- 
tivity is adjusted by adjusting ribbon- 
to-plate spacing for any given tension. 
For most d-c. inputs (thermocouples, 
strain gages, etc.), resonance is ad- 
justed to about 1600 cps.; for voice 
frequencies, about 4000 cps. Other mod- 
els are available with shorter ribbons: 
up to 15,000 cps. Unit is unaffected by 
aircraft vibrations; is suitable also for 
medical and biological work with a few 
microamperes; lends itself to either 
positive or negative feedback applica- 
tions.—Phillips & Hiss Co., 1155 N. 
McCadden Pl., Hollywood 38, Calif. 


Mention No. 919 when filling out card. 





High-precision D-c. Supply 


New “Adjustable Voltage Reference” 
is said to serve as a “secondary stand- 
ard cell” operating from a-c. mains to 
provide a continuously variable d-c. 
0.0001 to 


supply over a wide range: 


10 volts. It is designed primarily to 
work with high-impedance devices: for 
d-c. amplifier testing, calibration of 
d-c. oscilloscopes and VTVMs, etc. It 
is immune to damage by short circuits. 
Maximum output impedance _ 1,000 
ohms, with accuracy maintained at 
0.1 percent of full-scale. Multiple- 
turn VDR has divisions of’ 0.001 of 
full-scale. Metal cabinet is 10 in. wide 
by 8 in. deep by 8.75 in. high.—Gen- 
eral Precision Laboratory, Inc., 63 Bed- 
ford Road, Pleasantville, N. Y. 


Mention No. 920 when filling out card. 





Sweep Generator 


New “Kilo-Sweep” is said to extend 
speed and accuracy of visual align- 
ment techniques to the adjustment of 
high-fidelity and communications-type 


receivers. It has internal crystal-po. 


sitioned pulse type markers for Te 
quency range from 50 kc. to 2 M 


Cp 
continuously-variable sweep width ri 
100-kc. maximum. Standard frequency 


markers are located at 0.5, 1.0, and 
2.0 Mc.; three additional positions avail. 
able on special order.—Kay Electric 
Co., Pine Brook, N. J. 


Mention No. 921 when filling out card, 


1/3-hp. Motor Speed 
Controller 


New “Type 1700-B Variac Speed Con- 
trol” offers several new features for 
%-hp. motor control: instant starting 
and freedom from tube replacement, 
made possible by use of selenium recti- 


fiers in place of rectifier tube used in 


= 


earlier model. New unit has field sup- 
ply isolated from armature circuit by 
a transformer, so that standard com- 
pound-wound motors having five leads 
can be reversed by means of switch on 
panel. Strong dynamic braking is ob- 
tained in stop position, although motor 
can be stopped without dynamic brak- 
ing if a-c. input switch is used. A 
time-delay breaker protects unit and 
motor in event of a stall. Speed can be 
controlled from rated motor speed down 
to zero.—General Radio Co., 275 Massa- 
chusetts Ave., Cambridge 39, Mass. 


Mention No. 922 when filling out card. 





Noise and Field-intensity 
Meter 


New slide-back circuit for “Model 
58 U.H.F. Radio Noise and Field 
Strength Meter” is for accurate meas- 
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ws production reaching toward all-time highs, this new 
P.A.T. 50 Control already is helping many key plants in- 
crease the output of their furnaces. Here’s why: 


This Control has something that’s brand new in proportional, 
electric controllers. Called “rate action,” this feature enables the 
Controller to act on the speed of swings in furnace load, as well as on 
their size and on the length of time they persist. Thus, if temperature 
changes gently, it is gently nudged back into line. But if it starts 
off vigorously—as when the furnace door is opened—P.A.T. 50 re- 
acts vigorously. Then, when the change has been headed off, the 
Controller starts to back away. But “putting on the brakes” it 


brings temperature in line smoothly and rapidly. 


Thus, “Rate Action” increases production because it reduces the 
length of time a furnace is off temperature. 


Also, Proportioning and Reset Actions are more responsive than 
before. These two components stop the normal temperature swings 
which are started by changes in the size and permanence of the fur- 
nace load. Even without rate action, these increases would enable 
P.A.T. 50 to do a better-than-ever job. With rate action, results are 
superior to any previous electric control. 


The News is in the Control Unit at bottom of panel shown at right. 
Earlier installations can be converted to P.A.T. 50 by replacing the 
Unit and making slight changes in the Controller. 


For details, contact our nearest office, or write us at 4955 Stenton 
Avenue, Philadelphia 44, Pa. 


THESE furnaces and controllers are part of 
the slab-heating equipment with which The 
Timken Roller Bearing Company, Canton, O., 
conditions high-alloy steels for rolling. The 
Timken Company has used many earlier LEN 
Controllers. They find P.A.T. 50 is a further 
step forward, not only in guarding quality. 
but also in increasing production by shorten- 
ing the off-temperature time. 


MEASURING INSTRUMENTS - TELEMETERS - AUTOMATIC CONTROLS - HEAT-TREATING FURNACES 


Jrl. Ad ND4-660(1) 
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Controlled 
dual heat—on 
in 5 seconds, off 
when you re- 
lease trigger— 
lets you adjust 
tip temperature for 
light and heavy instrument 
soldering. Precision balance, 
longer reach and tip construction 
ideal for delicate jobs. Rating up 
to 250 watts speeds heavy work. 
Time-and-power savings pay for 
your Weller Gun in a few months. 


250-Watt WELLER 






and 
Heavy 

Instrument 

Work 


TRIGGER-SWITCH CONTROL—Ideal for 


e 
intermittent work. No need to unplug gun 
between jobs. 

e@ 5-SECOND HEATING — Nowaiting,no wasted 
current. 

@ PRECISION BALANCE—Simplifies delicate 
work. 

@ SOLDERLITE—Spotlights the work. 

@ LONGER REACH—Slides easily into tight 


spots. 
WELLERTIP—Chisel shaped for faster heat 
transfer. Over/under terminals brace tip for 
heavy duty. 

@ DUAL HEAT—Single heat 200 watts; dual 
heat 200/250 watts; 120 volts, 60 cycles. For 
all instrument soldering. 

See the 250-watt Weller Soldering Gun at 
your distributor, or write for bulletin direct. 
SOLDERING GUIDE—Get your new copy of 

“Soldering Tips’’—revised, up-to-date, 

fully illustrated 20-page booklet of 
practical soldering suggestions. 
Price 10c¢ at your distributor, 

or order direct. 


WELLER 
ELECTRIC CORP. 


800 Packer Street, Easton, Pa. 
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or higher. Amplifier is said to be of 
a new type, in that it employs maker’s 
“Model 3038-A”  electrically-operated 
electromagnetic capacitor. This new 
device consists of a Dural ribbon 
stretched in a strong magnetic field 
next to an insulated rigidly-fixed back- 
plate. Ribbon and back-plate constitute 
a capacitor. When a.c. or d.c. is passed 
through ribbon, capacitance value is 
altered. Resonant frequency is adjusted 
by adjusting tension. Ribbon movement, 
and hence capacitance change, is sub- 
stantially uniform with applied voltage 
or current from 0 to 5000 cps. Sensi- 
tivity is adjusted by adjusting ribbon- 
to-plate spacing for any given tension. 
For most d-c. inputs (thermocouples, 
strain gages, etc.), resonance is ad- 
justed to about 1600 cps.; for voice 
frequencies, about 4000 cps. Other mod- 
els are available with shorter ribbons: 
up to 15,000 cps. Unit is unaffected by 
aircraft vibrations; is suitable also for 
medical and biological work with a few 
microamperes; lends itself to either 
positive or negative feedback applica- 
tions.—Phillips & Hiss Co., 1155 N. 
McCadden Pl., Hollywood 38, Calif. 


Mention No. 919 when filling out card. 





High-precision D-c. Supply 


New “Adjustable Voltage Reference” 
is said to serve as a “secondary stand- 
ard cell” operating from a-c. mains to 
provide a continuously variable d-c. 
supply over a wide range: 


0.0001 to 






10 volts. 


It is designed primarily to 
work with high-impedance devices: for 


d-c. amplifier testing, calibration of 
d-c. oscilloscopes and VTVMs, etc. It 
is immune to damage by short circuits. 
Maximum output impedance 1,000 
ohms, with accuracy maintained at 
0.1 percent of full-scale. Multiple- 
turn VDR has divisions of 0.001 of 
full-scale. Metal cabinet is 10 in. wide 
by 8 in. deep by 8.75 in. high.—Gen- 
eral Precision Laboratory, Inc., 68 Bed- 
ford Road, Pleasantville, N. Y. 


Mention No. 920 when filling out card. 





Sweep Generator 


New “Kilo-Sweep” is said to extend 
speed and accuracy of’ visual align- 
ment techniques to the adjustment of 
high-fidelity and communications-type 



















receivers. It has internal crystal. 
sitioned pulse type markers for te 
quency range from 50 kc. to 2 Me: 


continuously-variable sweep width to 


100-ke. maximum. Standard frequency 


markers are located at 0.5, 1.0, and © 
2.0 Mc.; three additional positions avail. | 


able on special order.—Kay Electric | 


Co., Pine Brook, N. J. 
Mention No. 921 when filling out card, 





1/3-hp. Motor Speed 
Controller 



















New “Type 1700-B Variac Speed Con- t 


trol” offers several new features for 
¥;-hp. motor control: instant starting 
and freedom from tube replacement, 
made possible by use of selenium recti- 
fiers in place of rectifier tube used in 








earlier model. New unit has field sup- 
ply isolated from armature circuit by 
a transformer, so that standard com- 
pound-wound motors having five leads 
can be reversed by means of switch on 
panel. Strong dynamic braking is ob- 
tained in stop position, although motor 
can be stopped without dynamic brak- 
ing if a-c. input switch is used. 

time-delay breaker protects unit and 
motor in event of a stall. Speed can be 
controlled from rated motor speed down 
to zero.—General Radio Co., 275 Massa- 
chusetts Ave., Cambridge 39, Mass. 


Mention No. 922 when filling out card. 





Noise and Field-intensity 
Meter 


New slide-back circuit for “Model 
58 U.H.F. Radio Noise and Field 
Strength Meter” is for accurate meas- 
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Ww" production reaching toward all-time highs, this new 
P.A.T. 50 Control already is helping many key plants in- 
crease the output of their furnaces. Here’s why: 


This Control has something that’s brand new in proportional, 
electric controllers. Called ‘“‘rate action,” this feature enables the 
Controller to act on the speed of swings in furnace load, as well as on 
their size and on the length of time they persist. Thus, if temperature 
changes gently, it is gently nudged back into line. But if it starts 
off vigorously—as when the furnace door is opened—P.A.T. 50 re- 
acts vigorously. Then, when the change has been headed off, the 
Controller starts to back away. But “putting on the brakes’ it 
brings temperature in line smoothly and rapidly. 


Thus, “Rate Action” increases production because it reduces the 
length of time a furnace is off temperature. 


Also, Proportioning and Reset Actions are more responsive than 
before. These two components stop the normal temperature swings 
which are started by changes in the size and permanence of the fur- 
nace load. Even without rate action, these increases would enable 
P.A.T. 50 to do a better-than-ever job. With rate action, results are 
superior to any previous electric control. 


The News is in the Control Unit at bottom of panel shown at right. 
Earlier installations can be converted to P.A.T. 50 by replacing the 
Unit and making slight changes in the Controller. 


For details, contact our nearest office, or write us at 4955 Stenton 
Avenue, Philadelphia 44, Pa. 


UP ons, 


THESE furnaces and controllers are part of 
the slab-heating equipment with which The 
Timken Roller Bearing Company, Canton, O.., 
conditions high-alloy steels for rolling. The 
Timken Company has used many earlier L&N 
Controllers. They find P.A.T. 50 is a further 
step forward, not only in guarding quality, 
but also in increasing production by shorten- 
ing the off-temperature time. 





' [N MEASURING INSTRUMENTS + TELEMETERS *- AUTOMATIC CONTROLS - HEAT-TREATING FURNACES 


bs) LFEDS & NORTHRUP CO. 


Jrl. Ad ND4-660(1) 
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RECORDING 
GALVANOMETERS 





The Century Model 210 Galvanometer 
has been designed and tested for the 
utmost in performance under any con- 
ditions. The unique small tubular type 
construction permits their installation in 
practically any type or make of photo- 
graphic recording oscillographs. These 
galvanometers are offered at low cost 
over a wide range of frequencies and 
sensitivities to satisfy most recording 
requirements. For additional informa- 
tion, write for our Catalog No. CGC 


206. 


Manufactured under Century Pat. 
2439576, also licensed by Kannes- 
tine Laboratories Patent 2149442. 





CENTURY GEOPHYSICAL 
CORPORATION 


1340 North Utica 


Tulsa, Oklahoma 


EXPORT OFFICE: 
149 Broadway, N. Y. 


1505 Race Street 
Philadelphia 


World’s Largest Manufacturer of 
Geophysical and Special 
Galvanometers 
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urement of short pulses having slow 
repetition rate. Slide-back feature is 
available at additional cost. “Model 
58’s” already in use may be modified 
with kit or returned to company re- 
pair department for modification.— 
Measurements Corp., Boonton, N. J. 


Mention No. 923 when filling out card. 








Miniature Noise Meter 


New “Type 410-B” sound level meter 
is a new model made possible by use 
of subminiature components and (pat- 
ents-pending) miniaturization tech- 
niques. It meets all ASA specifications 
Among fea- 


for sound level meters. 





tures: greater low-frequency range, 
electric circuit improvements, and me- 
chanical design refinements. Sound-level 
range is from 34 to 140 db above stand- 
ard ASA reference level of 0.0002 
dynes/cm.*. Readily-obtained hearing- 
aid batteries have an operating life of 
about 50 hours. Optional accessories 
include carrying case, extension cables 
and vibration-measuring equipment.— 
Hermon Hosmer Scott, Inc., 385 Put- 
nam Ave., Cambridge 39, Mass. 


Mention No. 924 when filling out card. 





R-f. Test Set 


New “TF 890/2” is for testing radar 
receivers, transmitters, and antenna 
systems. Frequency coverage is 8500- 
9600 Me. continuously variable; un- 
modulated continuous wave or FM 
constant amplitude; pulse or AM sig- 
nal reception. Set is for use on 115 v. 
60-cps. It comprises a 3-arm waveguide 
assembly radiating from a 120-deg. Y 





junction, a thermistor power bridge, 
a cavity wavemeter, a crystal mixer- 
detector, a frequency-swept kylstron 
oscillator, a sweep generator, a monitor 
receiver, a cathode-ray spectrum moni- 
tor, and a regulated ‘power supply. 
These units are mounted in case shown 
in photo (approx. weight 50 lbs.). A 
separate directive feed unit and flexible 
connector are supplied for insertion in 
and connection to antenna waveguide of 


radar under test. New set permi 
measuring all important characteristics 
of radar under test.—Marconi Instry. 
—y 23 Beaver St., New York B 
4, ® 


Mention No. 925 when filling out card, 










































Electrometer 


New “Model 200 Vacuum Tube Elec. | 
trometer” has accuracy of 1 percent at 
full-scale reading; within 5 Percent / 





2 
] 
“a 


at low-seale readings. Accuracy was | 
achieved by re-calibration of scale to | 
compensate for nonlinear characteris- 
tics of vacuum tubes.—Keithley In- § 
struments, 3868 Carnegie Ave., Cleve- ' 
land 15, Ohio. 


Mention No. 926 when filling out card. 





Television Bar Generator 


New television cross-bar generator 
provides a linear pattern to adjust 
vertical linearity, height and centering 


TE 


reaper oe 


FAERIE TEES 





as well as horizontal drive, width, | 
peaking, linearity and centering. All 
tests possible when no station 1s on 
the air. Manufactured under license 
agreement with Western Electric by 
Superior Instruments Co., 227 Fulton 
St., New York 7, N. Y. 


Mention No. 927 when filling out card. 


Metal Detectors 


New “Guardsman Series” metal de- 
tectors will inspect meat, bakery prod- 
ucts, candy, plastics, paper, rubber, 
tobacco, textiles, explosives and many 
other non-metallic substances for min- | 
ute tramp metal particles. Shown above 
is a small round-aperture type metal 
detection head; at right, a rectangular- 
type head which will inspect products 
passing through on a conveyor belt at 
rates of 10 to 1000 feet per minute. 
Control unit, shown at left, is the same 


















for all models and applications, is 
8.25 x 6.75 x 10 in. deep, weighs 20 Ibs. 
Installed detectors are practically im- 
mune from effects of building and con- 
veyor vibration; are unaffected by 
normal humidity and temperature 
changes; may be scrubbed where re- 
quired by purity standards. Designed 
and built by Eng’g Prod. Dep’t, RCA 
Victor Div., RCA. Will be marketed 
by Eriez Mfg. Co., Erie, Penna. 
Mention No. 928 when filling out card. 


Hardness Tester 


New “Isoma” hardness tester, for 
measuring Vickers values on_ small 
round and flat metal parts, foil, tin- 
plate, glass, plastics, etc., has an auto- 
matic weight-selecting device for apply- 
ing dead-weight loads from 50 to 1000 


500 


grams. Built-in optical measuring sys- 
tem permits measuring impressions to 
within 4 microinches. Standard equip- 
ment includes transformer for 110 or 
220 volts, base plate, test block, spare 
bulbs and table of equivalent values. 
Special supports and clamps are avail- 
able for holding thin material and ex- 
tremely small parts.—Cosa Corp., 405 
Lexington Ave., New York 17, N. Y. 


Mention No. 929 when filling out card. 





Dynamic Pressure-measuring 


System 


New “Electro Linear Stabilized Pres- 
suregraph” is an improved model of 
maker’s “Pressuregraph.” Features: 
Linear outline viewed directly on os- 
cilloscope ; drift and temperature sta- 
bilized; pressure range 0.5 to 10,000 
psi.; frequency response from 0 to over 





INDUSTRIAL 
RECORDING OSCILLOGRAPH 


FOR VIBRATION, TEMPERATURE, STRESS, STRAIN ANALYSIS 


MODEL 
408 
OSCILLOGRAPH 


The Century Model 408 recording oscillograph was designed expressly for airborne and 
mobile operation. As with all Century products, this oscillograph incorporates the utmost in 
design and workmanship, along with improved features, yet it remains simple in its operation 
and maintenance. 


FEATURES: 

Size: 20" long, 1242” wide, 8%” high. 

Weight: 60 pounds. 

Number of Recording Channels: 6 to 50. 

Detachable daylight loading magazine ac- 
commodating a roll of paper or film 
8” x 200’. 

Friction roller type paper drive by governor 
controlled electric motor with separate mo- 
tor for takeup drive. 

Paper speeds continuously and instantly var- 
iable without changing gears or sprockets. 


Separate optical system for viewing before 
or during recording. 


Glow tube timing system photographing .01 
second and .1 second lines. .01 second 
lines instantly removable by toggle switch 
for slower speeds. 

Data numbering at beginning of record. 

Footage indicator showing amount of paper 
remaining in magazine. 

Automatic record length control. 

Trace identification. 

Remote control unit. 


MODEL 
469 
OSCILLOGRAPH 


The Century Model 409 oscillograph has been designed for recording data where space and 
weight requirements are limited. This oscillograph has been tested to record faithfully while 
subjected to accelerations up to 20 G's. 


FEATURES: 
Size: 5” x5” x11”, 


Weight: 11 pounds. 


Detachable daylight loading magazine with 
a capacity of 35” x 50’ paper or film. 

2 to 12 individual channels. 

Cast Aluminum case. Trace identification. 


Paper speeds variable ¥2” to 12” per second. Trace viewing. 


For Complete Information Write 1340 North Utica 


y GEOPHYSICAL CORPORATION 


TULSA, OKLAHOMA 
EXPORT OFFICE 


149 Broadway, New York 


1505 Race Street 
Philadelphia, Pa 
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AT TORRINGTON 


HEADQUARTERS FOR 


TIMING 





SYNCHRONOUS TIMING 


MOTORS and TIMERS 
for 
& Industrial 


0 WUiitay 
400 Cycle Motor oe Commercial Uses 


HAYDON* research and engineering staffs constantly 
seek to develop new and build better products. One 
example is the HAYDON 400 cycle timing motor. This is 
an hysteresis type synchronous timing motor, for use as 
a separate motor or in many different types of timers. 
HAYDON personnel and plant are equipped to build 
motors and timers using D.C., 60 cycle or 400 cycle for 
military or civilian applications. 


HAYDON manufactures a wide range of dependable timing 
motors notable for their small size; quiet operation; total en- 
closure; separate systems for controlled lubrication of rotor 
and gear train; ability to operate in any position. Standard 
speed range from 60 rpm to one revolution in 7 days. The 
HAYDON motor is the basic element for standard timing com- 
ponents and custom-engineered timers designed and manu- 
factured by the company for volume applications. 


DESIGN INFORMATION 
HAYDON will gladly send you 
technical data on request. 







* TRADEMARK REG. U. S. PAT. OFFICE 
€ 
HAYDON Manufacturing Co., Inc. 
Subsidiary of GENERAL TIME CORPORATION 
2033 ELM STREET ‘ 
TORRINGTON CONNECTICUT 
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20,000 cps.; 200,000 separate pressure 
measurements per second; up to 200 ft. 
of pick-up cable can be used. Accuracy: 
Calibration repeats can be made to 
within 1 percent of full scale or rated 
pressure for any diaphragm. Static 
calibrations may be made with dead- 
weight tester.—Electro Products Labs 
a. N. Ravenswood Ave., Chicago 40, 


Mention No. 930 when filling out card, 





Universal Testing Machines 


New “Model $550” (motorized, illus- 
trated) and “Model $390” (hand-oper- 
ated, table) universal testing machines 


embody five major and numerous lesser 
improvements. New top range is 300 
lbs.; new motor drive has stepless speed 
control from zero to 20 inches per min- 
ute; quadrant arm is now one continu- 


| ous casting whose greater rigidity 


assures smoother stress-strain curves. 


| —W. C. Dillon & Co., Inc., 1421 S. 


Circle Ave., Forest Park, Illinois. 
Mention No. 931 when filling out card. 


Vibration Tester 


New vibration-test machine subjects 
aircraft accessories, etc., to circular 
motion in accordance with Navy and 
NEMA standards. Frequency range, 











SIRI ER TOR a RRA 














ressure 
200 ft. 
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ar 
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3300 cpm.; capacity, 125-lb. test 
a Ealitude radius, 0-0.0625 in.; 
mounting area of table, 24x36 in.; 
variable-speed drive from 220-v. 3-phase 
60-cycle motor.—Vibration Specialty 
Co., 1536 Winter St., Philadelphia 2, Pa. 

Mention No. 932 when filling out card. 





Welding Timer 


New “Type 30CR3” automatic timer 
has adjustable timing range from 3 to 
120 cycles with 2 percent accuracy; 





i 
{ 
; 





may be used with either 115-v. or 
220-v. a-c. supply; provides “beat” or 
“non-beat” operation by selection of 
terminals. Load contacts are s-p.d-t. 
and are rated 10 amps. at 115 v. non- 








inductive. Dimensions 9.655 x 6.75 x 
4.437 in.—Photoswitch Inc., 77 Broad- 
way, Cambridge 42, Mass. 

Mention No. 933 when filling out card. 





Electrical Micrometer 


New “Carson-Dice Electronic Microm- 
eter,” for rapid measurements to a 
tolerance of 0.00002 in., permits “pres- 
sureless” measurement and eliminates 
“feel” as a source of error. Circuit is 
sufficiently sensitive to give a positive 
on-and-off indication with five micro- 
inches displacement at contact. Sev- 
eral models are available for use on 








MODEL 500 BB 

























There’s more to these 


Q 


(DC POWER SUPPLYS) 
than meets the eye! 


The Sorensen line of B-NOBATRONS is 
conservatively rated. The performance 
specified for each unit is available 
under all line and load conditions within 
the range of the instrument. 


This leaves room for “plus values” that 
should not be overlooked! As shown in 
the graph at left, it is possible under 
many conditions to obtain current and 
MODEL 325 BB voltage considerably in excess of the 
ratings. And you get similar premium 
performance from all B-NOBATRONS! 


Further, the Sorensen name on any Iso- 

OUTPUT VS LOAD, MODEL 325BB tronic* product is your assurance of 

200 careful construction, finest materials, 

dependable and economical operation. 
Write for full information. 








‘ot 
see 





4 * Isotronic is a trade- 
| marked word per- 
taining to the science 











control of voltage, 
700 736 300 TT) 300 350 current, power, or 
OUTPUT VOLTAGE - (VOLTS) frequency. 



































































of regulation and ecienitanniaaiall 
_ eR 





shaded section — area of “plus value’ performance 





DC POWER SUPPLY SPECIFICATIONS 











MODEL NO. 325BB 360BB 520BB 560BB 500BB 100088 
Output voltage 0-325 175-360 200-500 0-500 0-500 200-1000 
Output current 0-125 Ma 0-120 Ma 0-200 Ma 0-200 Ma 0-300 Ma 0-500 Ma 
Output voltage, bias 0-150 0-150 WU). wiicivnemmeaigs 
Output current, bias PIRI, |< Vocpicctccasest ete pus’, a caauea tuceates Giebak 0-5 Ma UI. 5, | ‘cacesverteteiieciens 
Ripple 10 mw 10 mv 10 mv 10 mv 10 mv 20 mv 
Low AC voltage 63 atlOamp. 6.3atlO amp. 6.3 atlOamp. 6.3atlOamp. 6.3 at Wamp. once 

(center tapped, 
unregulated) 


Input: 105-125 











6 


SORENSEN 


Sorensen & Company, Inc. ° 375 Fairfield Ave., Stamford, Connecticut 
For the best in regulated low voltage DC supplys, investigate Sorensen’s line of NOBATRONS. 
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Measurements Corporation 
MODEL 58 


UHF RADIO NOISE 
& FIELD STRENGTH 
METER 


Frequency Range 
15 Mc. to 150 Mc. 


FREQUENCY ACCURACY: +2%. 
Individually calibrated dial. 


SENSITIVITY RANGE: 1 to 100,000 
microvolts. Direct reading dial. 


POWER SUPPLY: Built-in supply, 117 
volts AC, 6 volts DC. 


MEASUREMENTS 
CORPORATION 


i Fekek, Beek, | HY) NEW JERSEY 


‘iensneets Gepecation 
MODEL 79-B 


PULSE GENERATOR 


REPETITION RATE: 
pulses per second. 


60 to 100,000 


PULSE WIDTH: Continuously variable 
from 0.5 to 40 microseconds. 


RISE TIME: Approx. 0.25 microseconds. 


OUTPUT VOLTAGE: 150 volts (peak) 
positive. 


POWER SUPPLY: 
cycles. 


117 volts, 50/60 


MEASUREMENTS 
CORPORATION 


BOONTON o NEW JERSEY 
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compressible or non-compressible mate- 
rials—conducting or non-conducting. 
All are portable, require no levelling 
and are unaffected by vibrations in 
temperature, line voltage or aging of 
electronic tubes.—J. W. Dice Co., En- 
glewood, N. J. 
Mention No. 934 when filling out card. 








Toolroom Microscope 


New “P. G. Cutter Grinder Micro- 
scope” is an English-made instrument 
for checking radii, forms and angles of 
waccititshiae tools, small twist drills and 








senilar tools and components which 
carry an irregular shape at the end 
of a cylindrical shank. It consists of 
a 15x microscope with detachable 
reticle. Standard reticle (for inspect- 
ing engraving cutters) is illustrated; 
specials made to order. Eyepiece and 
objectives are interchangeable to vary 
total magnification.—J. Arthur Deakin 
& Son, 150-28 Hillside Ave., Jamaica 2, 
N.Y. 

Mention No. 935 when filling out card. 





Aerial-photography 
Slide-rule 


New “Aerial Photo Rule” obviates 
need of tables and calculations; gives, 
by means of five scales, instant answers 
to problems such as: (1) Comparative 
size between objects on ground and in 





a photograph; (2) area of land covered 
by one exposure at a given focal length, 
altitude and film size; (3) ground feet 
covered in flight per inch of photo- 
graph; (4) speed at which image moves 
under lens; (5) cycling time or exposure 
time in seconds required to cover image 
while plane flies at so many mph. at a 
given height and a given focal length. 
(6) image size; (7) planning flights. 
Available in 10-in. “Model 520” and 6- 
in. “Model 700.”—Pickett & Eckel, Inc., 
5 S. Wabash Ave., Chicago 3, Ill. 


Mention No. 936 when filling out card. 


RADIO sHACk 


INDUSTRIAL ELECTRONIC 
PARTS CATALOG 


Li NEW! 
192 PAGES! 


OVER 
15,000 PRODUCTS! 
LOWEST NET PRICES 


, use right from the 
froat-cover index, this ALL 


catalo 


RADIO SHACK 


CORPORATION 


167 Washington St., Boston 8, Mass. 
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Radiation Dosimeters 


New “Models L-31, L-32 and L-33” 
dosimeters have ranges of 5r, 10r and 
50r respectively; are half-inch in di- 
ameter by 4 in. long; barrel of conduct- 


ing laminated Bakelite, hermetically 
sealed. Flexible plastic diaphragm for 
charging will not crack from use or 
aging. Instruments meet all standard 
specifications for their ranges. Charged 
on “L-21” charger. —Landsverk Elec- 
trometer Co., (Aff. Technical Associ- 
ates), 3730 San Fernando Road, Glen- 
dale 4, Calif. 


Mention No. 937 when filling out card. 





Radiation Survey Meter 


New “SU-1E” portable radiation sur- 
vey meter employs new circuit with 
inverse feedback which permits ex- 


tremely stable operation and a large 
reduction in time constant (now 1.5 
seconds on all ranges). Calibration ac- 
curacy: +10 percent of full scale. 
Ranges: 15, 150 and 1500 mr/hr.— 
Tracerlab Inc., 180 High St., Boston 
10, Mass. 


Mention No. 938 when filling out card. 
Geiger-Mueller Counters for 
High-temperature Work 


New “Phoenix” counters are so 
named, it is said, because of their in- 
finite-life self-querching mixture (ar- 








YOUR SAFETY VALVES 


CAN BE 
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A safety valve that sticks is about as safe as a time bomb 


Only BalanSeal© and FarriSeal© provide the positive protection at all times 
and under all operation conditions that makes them reliably safe. 

Unique in design and principle, the BalanSeal Safety-Relief Valve has a 
protective bellows which is proportioned to eliminate any unbalanced down- 
stream forces on the valve disc—which is perfectly balanced on its seat at the 
set pressure. Like its companion, the FarriSeal Valve, the guide, stem and spring 
are completely isolated from the lading fluid for perfect protection. 


Pioneered by Farris Engineering Corp., Balan- 
Seal, as thousands of installations are proving, 


| is ideally suited for use wherever a collecting 
| system is required for a series of safety-relief 


valves. It permits higher downstream pressure 
with consequent smaller piping—a feature which 


| often permits savings in piping costs as high 


as 15 times the cost of the valves. The sole force 


| Opposing the opening of the valve is the spring. 


Static or surge downstream back pressure can- 
not affect the disc and has no effect on the 
relieving point. 

You'll want to know more about the revolu- 
tionary safety-relief valve that can’t stick under 
any circumstances. BalanSeal is described in 
detail in Bulletin No. 51B. Send for it today. 


Patented 
and 


Patents 
Pending 


SM) 


Fes 
~ 
— 


CR 
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SAFETY and RELIEF VALVES 


FARRIS ENGINEERING CORP. 


536 Commercial Avenue 


Palisades Park, N. J. 
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sTA HRD gon, xenon, oxygen and nitro ooerh 
gen) manuf 
which can be operated in regions of user ré 
high temperature (unaffected by 149 Corp. 
TEST C.) Units are cooled by water flowing Penna. 
through copper tubing.—Radiation Menti 
Counter Laboratories, Inc., 1844 W. “ 





PANELS 21st St., Chicago 8, Ill. 
| Mention No. 939 when filling out card, 
| J 
| Demonstration Instruments 
This is one of the many control for Nuclear Processes 


panels we built for the intricate N DU-1A d “DU 
. : ew “DU-1A” and “DU-2A” a 
operation of the Supersonic | said to be inexpensive light-weight ~ 





Wind Tunnel for the- Naval | <tryments to be used in demonstrating 
Ordnance Laboratory, White | nuclear radiation processes. They can | 
Oak, Md. | be used in detection of cosmic rays, 


| alpha, beta and gamma particles, in- 
| verse square law of a point source, 
| properties of absorbers in presence of 
| various types of nuclear radiation, 








For many years Standard who are glad to meet with | Properties of Geiger-Mueller tubes and 
has engineered, designed and prospective users of this type = pong ssc ael on = peers | kn 
built all types of control, test of equipment and — without addition, both instruments can be used | ff 
and distribution panels for obligation — present sugges- as inexpensive laboratory monitors, de- ee 
many different kinds of tions, layouts and costs of | tectors of lost radioactive samples and | 
industry, all to meet the indi- their requirements. We solic- | eg en pool to alpha le 
vidual needs of hundreds of it your inquiries and can | detection by use of alpha scintillation | 
clients. naa arrange an appointment to | tubes.—Nuclear Research Corp., 2101 | 
We maintain a corps of suit your convenience. Please | Federal St., Philadelphia 46, Pa. ; 
skilled engineer consultants address inquiries to: | Mention No. 940 when filling out card. | 
| 
e ae | a 
HE Standard Electric Time Co, Power Positioner for 
| Catalyst Slide Valves 
y 


93 Logan Street Springfield, Mass. 
~ PEAS New design of maker’s “Rotomotor” 
is for operation of catalyst slide valves 








(44 FACTORY PRECISION on throttling control services. “Roto- 
motor” is a completely pneumatic gear 

A % Instrument driven operator for positive positioning Ed 
ss PANELS UP TO 25 NAT oy 3 REPAIR and of large valves. Operating from nor- 
ae mal plant air supply, it is said to elim- 

IN YOUR OWN SHOP WITH THE Standardizing i inate not only original capital expend- ' a 

' instru 

W 3-15* CONTROLLED AIR | groun 

NEE ENGRAVOGRAPH 6 eNO grou 
A Portable Model 1-S glow 1 


placed 





Prompt service whether 

























your problem involves F 
one or a hundred units. 
Our laboratory is fully 
“a ~ equipped and technically 
” TRACER staff li on the 
most complicated instru- 
‘ GUIDED FOR ments and accessories. pie 
1 shontenie amnut ooo * Positioning device B determines actual be 
Hi S7-heawy duty model Certified Accuracy nection A and sired stem position by ai ml 
PANEL METERS rom contro nstrumen' . wy sexiiees pilot 
The only portable machine which reproduces VOLT-OHM METERS C. which pon yg ole pF to pneumatic 
15 sizes from one master alphabet. motor D, driving gear box clockwise or counter- throus 
. : Tube Checkers; Vacuum clockwise repositioning stem and completing 
The only one with adjustable copy holding Tube Volt M < 4 pneumatic control loop. panel 
slides for multiline engraving in one set-up: - See oe , : | lucent 
i sinstiiian: taba tak ; Laboratory Instruments iture of hydraulic systems but also prope’ 
-centering holding vise for nameplates. / maintenance and safety problems In- lighti1 
volved. It is basically a self-locking from 
mechanism. A continuously-connected socket 
handwheel and declutching lever also 9 lighte 
| b W | F R M . S nike provide for manual operation if de- panels 
! . Inquiries | sired. Repositioning is accomplished tures 
3-17 University Place New York NY @ invited | by means of a tape type positioning P-89, 
; rouha pat site mach device which permits long travels with 
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ies of valve stem positioning 
to within 1/500th part of total valve 
stroke. Units can be mounted in valve 
manufacturers’ factory and shipped to 


accurac 


eady for installation.—Conoflow 
om 2100 Arch St., Philadelphia 3, 
Penna. 


Mention No. 941 when filling out card. 





Magnetic Stirrer 


New model of “Magne-Stir” features 
speed regulation. Teflon-covered stir- 





ring bars available in three sizes; also | 
stirring bars.— | 
Laboratory Industries, Inc., 4710 W. | 


Pyrex-glass-covered 


North Ave., Chicago 39, Ill. 
Mention No. 942 when filling out card. 





Edge-lighted Instrument 
Panels 


New “Sierracin 5005” edge-lighting 
instrument panels have black back- 
grounds with white markings for day- 
light visibility. At night, markings 


glow red by means of small red lights 
in panel: 


placed light is carried 





throughout transparent inner core of | 


panel and escapes only through trans- 
lucent letters and figures. Lights are 
properly located in each panel for even 
lighting; light bulbs are replaceable 
from front of panel. Screw-in light 
sockets are normally used to hold edge- 
lighted panel on instrument board. New 
panels are said to possess many fea- 
tures not covered by Specification AN- 
P-89. A deviation from AN-P-89 was 





| 
| 
| 
| 
| 
| 
| 
| 
| 
















SANBORN 





RECORDING 
SYSTEMS 















CHANNEL 
RECORDING 
- SYSTEMS 


Model 128 com- y 

prises a Cc 

General Purpose 

Amplifier in com- 

bination with the 

Recorder Assembly shown below left, to 
which is added panel, transformer, and 
controls. Both instruments are contained in 
a single hardwood carrying case. The com- 
plete system is a vacuum tube recording 
voltmeter capable of reproducing in rec- 
tangular coordinates any electrical phenomena 
from the order of a few millivolts to more 
than 200 volts. When a Strain Gage Amplifier 
is specified, the system becomes Model 141. 
Amplifiers are readily interchangeable. When 
a built-in timer is included for either, the 
Model numbers become 128T or 141T. 

























RECORDERS AND AMPLIFIERS 
AVAILABLE SEPARATELY 





In all Sanborn recorders, tracings are 
produced by a heated writing stylus in 
contact with heat sensitive, plastic-coated 
paper. The paper is pulled over a sharp 
edge in the paper drive mechanism, and 
the stylus wipes along this edge as it 
swings; thus producing records in true 
rectangular coordinates. The writing arm 
is driven by a D’Arsonval moving coil 
galvanometer with extremely high torque 
movement (200,000 dyne cm/cm deflec- 
tion). Standard paper speed for the 
Model 51-600 recorder assembly, shown 


CHANNEL 
RECORDING 
SYSTEMS 


The two chan- 
nels of Model 60 
operate inde- 
pendently of 
each other, but 
record simulta- 
neously. Ten 
paper speeds are 
standard equipment, in pairs of: 5 and 0.5, 
10 and 1, 25 and 2.5, 50 and 5, 100 and 10 
mm/sec. Ready interchangeability of ampli- 
fiers (DC and Strain Gage) and preamplifiers 
(DC and AC) makes possible the availability 
of a variety of input circuits. Timing and 
coding are built-in features. Each channel 
has a 5 cm recording width. 








above, is 25 mm/sec. Slower speeds are 
available. Paper width 6 cm with 5 cm 
recording area. The assembly shown above 
is used in Models 128 and 141 (described 
above right) and provides the basic 
rinciples and methods on which recorders 
for the 2- and 4-channel systems are 
designed. 







Two types of 
amplifiers are avail- 
able for use in Sanborn 
recording systems —- a DC Gen- 

eral Purpose Amplifier, and a Strain 
Gage amplifier (shown above). The ampli- 
fiers used in the 2- and 4-channel systems 
are generally identical with those in the 
1-channel system, which are available, as 
are also all the 
recorders, for 
separate appli- 
cation. 







For complete descrip- 


tions, illustrations, 


tables of constants, 


and prices, write 


for catalog. 




















CHANNEL 
RECORDING 
SYSTEMS 


Model 67 provides for the 
direct, simultaneous regis- 
tration of up to four 
phenomena on one record, 
using the same principles 
and methods as the two 
systems described above. 
In addition, there is a 
selection of eight paper 
speeds: 50, 25, 10, 5, 2.5, 
1.0, 0.5, and 0.25 mm/sec., 
and provision for the use 





of 4-, 2-, or 1-channel 
recording Permapaper. As in Model 60, 
above, amplifiers and preamplifiers are 


readily interchangeable. 





INDUSTRIAL 


Sanborn Company 


CAMBRIDGE 39, MASSACHUSETTS 


DIVISION 
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“y NEW INSTRUMENTS 
4 , : eS AG 
granted to cover “Sierracin” no ie 
ing thermosetting plastic in tare art "ha 
the acrylics from which all other panels wh St., 
are fabricated, because (1) there is no iota 
possibility of crazing and resulting loss — 


H of light transmission and panel failure: 


(2) alcohol, lacquer thinner, 
MOBILE ethyl Keytone, standard cone Indoc 
RECORDER cleaners, aviation gasoline, Skydrol 
etc., may be used without harm to clean “r 
FOR INDUSTRY & SCIENCE ° | 















“Sierracin” panels if they become goileq | | NeW 

with grease or dirt—said to be “unique | dow-type 
feature.”—Sierra Products Co., 1632) former 1S 
E. Compton Blvd., Compton, Calif, , 


Mention No. 943 when filling out card, 








Variable-speed Drive | 


New “Type 4C” miniature variable- 
ratio speed changer has push-rod ratio 
control means, whereby a wide variety 





Ampex special- 
izes in designing 
and manufacturing custom- 
built recording equipment to 
meet your requirements. A few 
‘ of the many proven applica- 
AXx-ae tions are illustrated. 









ewe 
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ng 





suppleme 


































PRECISION &S PERFORMANCE i units des 
. ) June 19 
AMPEX + Meter ar 
y BP , Performance Includes... | Electric ( 
ms o « STANDARD MODELS RECORDERS 3 3, Mass. 

to 80,000 cps - = : 
:  / metic Jape RECORDERS + CUSTOM-BUILT MODELS are available : ; | Mention 

i maven wakcTaie rien aati adenine with 1 to 14 of control techniques is possible. Same | 
CORPORA less thon 0.1% tracks using size and construction as maker’s “Type 
Redweed City . . . . California . pean70-Ptan Va"! to 1° 4A” which has thumb-screw speed ad- Ce 
‘ UENCY MODELS ; } 2 

‘[Unrivalled for AUDIO & INSTRUMENTATION Recording MRXEEACEmCn Ennis tape. set er ke Py Tt an 
ae : is infinitely variable from 1/6 to 6—{ capacitor 
Metron Instrument Co., 432 Lincoln are 0.13: 
St., Denver 9, Colo. rated a’ 
1,000 ve 


Mention No. 944 when filling out card, 


St SEE IE AES FT-20” 

= m x uuf; “2 

Antivibration Mountings | wuf-—Ce 

New units, added to line of “All- : 

TESTING Metl” unit vibration isolators, cover —_— 
BBB 








MICO 


Precision Apparatus 









LOAD-BEARING BBING 
TOROID COIL WINDERS || | done with No menran |? “| 
HAZARDS. The SCLERO- HoaMPWG | 
SCOPE has done it for the 538 AT nent ar 


past 42 years. applicat: 





new load ranges of 8 to 16 lbs., 14 to 
25 lbs., and 22 to 35 lbs.; meet shock 
requirements of Specification AN-E-19 
for equipment sizes listed in a | 
172A.—The Barry Corp., 820 Pleas- § 


In general use 
for specification 
purposes. Sim- 


ant St., Watertown 72, Mass. 
ple, sturdy. 


























Mention No. 945 when filling out card. 
Comparatively 
inexpensive. Hand Tachometer 
: e New model + gro — 
Widerange, lsboratory-ype pn arc 
machines available for winding Illustrated 
samples and small production bulletins 
runs of toroid coils. Production free 
machines built to meet specific 
requirements. The Shore Instrument : C 
hre 
MICO INSTRUMENT CO. a = 
90-35 Van Wyck Expressway sives 2 
86A Trowbridge St., Cambridge, Mass. Jamaice 2, N. Y. is desig 
plifier ; 
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ose supply had been cut 
m9 aad oso cover 25 to 30,000 
: m . overspeed protection is incor- 
rhrated.—James C. Biddle Co., 1816 
yet St., Philadelphia 7, Pa. 


Mention No. 946 when filling out card. 








Indoor-outdoor Current 
Transformer 


“Type JKP-O,” 600-volt win- 
Ph iN indoor-outdoor current trahs- 
first of an entirely new line 


former is 





lementing indoor butyl-molded 
a described in complete detail in | 
June 1949 Instruments, page 500.— | 
Meter and Instrument Dep’t, General | 
Electric Co., 40 Federal St., West Lynn | 
3, Mass. 
Mention No. 947 when filling out card. | 








Ceramic Capacitors 


New miniature feed-thru ceramic | 
capacitors “Types FT-20” and “FT-25 
are 0.135 in. maximum diameter and 
rated at 500 volts, d.c. (working), 
1,000 volts, d.c. (flash: test). “Type | 
FT-20” is available from 25 to 1,000 | 
uuf; “Type FT-25” from 50 to 3,000 | 
uuf.-—Centralab Div., Globe-Union, Inc., | 
900 E. Keefe Ave., Milwaukee, Wis. 


Mention No. 948 when filling out card. 








Basic Chassis for 
Plug-in Construction 


New Basic Chassis mounts compo- | 
nent and circuitry for widely-varied | 
applications; eliminates conventional 





methods in which all wiring is boxed | 
in; permits maximum accessibility to | 
all components, wiring and assembly | 
using high-speed production methods, | 


and easy servicing of completed equip- 
ment.—Alden Products Co., 117 No. 
Main St., Brockton, Mass. 


Mention No. 949 when filling out card. 





CRO Time Markers 


Three new models of maker’s “Lab- 
marker” are announced: “Model 1-U” 
differs from previous “1-U” in that it 
gives shorter pulses of less amplitude, 
is designed for scopes with Z-axis am- 
Plifier; pulse duration approx. one- 


Here’s why those in 


—demand 





















































the know 
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CANNON 


PLUGS 





Here's another example of the meticulous 
care Cannon Electric uses in building con- 
nectors for highly specialized, tough jobs. 
This AN-"“M” type connector is moisture- 
proof, vibration-proof and pressurized. Ra- 
dio shielding is provided and every threaded 
part is drilled for safety wiring. 

No corners are cut— nothing is over- 
looked to assure you outstanding perform- 
ance. This connector is designed for aircraft 
use but there are more than 18,000 different 
Cannon Plugs made with the same care to 
serve the exacting needs of many industries. 
If you are looking for real value, regardless 
of the field you work in, your best bet is 
Cannon, 

Engineering bulletins describing each 
of the many basic types of connectors are 
available. We will gladly send you any of 
these if you will simply describe your con- 
nector requirements. 


Molded Polychloreprene inserts 75- 
80 shore hardness provide pressure- 
proofing of both pin and socket con- 
tacts. Have high dielectric strength 
under wide range of temperatures 
and at extreme altitudes. Mated fir- 
tings will not show more than 10 
microamperes dielectric leakage and 
will not arc when subjected to 7500v 
dc at room temperature. 











Pin Contacts machined from solid 
—, silver-plated. Solder cup hand- 
tinned. 


Machined ball-in-cone joints provide 
radio shielding and imp vibra- 


tion resistance. 





Socket contacts machined from solid 
copper alloy with new Cannon de- 
sign, silver-plated. * 


Matching serrations in end bell and 
shell make practical wrench-tighten- 
ing from one side of the installation 
without putting strain on contacts or 
wires. 


Polychloreprene grommets make 
moisture-proof seal over soldered con- 
nections. 





Concentric rubber bushings under 
pressure of cable clamp provide 
snug, moisture-proof wire entry. 
Eliminate usual strain on outer wires. 
Provision is made for grounding lug. 


CANNON 
ELECTRIC 


Since 1915 


Cannon Electric Company 
Los Angeles 31, California 


Factories in Los Angeles, Toronto, New 
Haven. Representation in principal cities. 
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228 NORTH ELM STREET 
WATERBURY 20, CONNECTICUT 
Design and Manufacture of Electrical Timing Oevices. 


GREEN 
ENGRAVER 
Proved Profitable — 


Machine Tool, Radio, Electrical 
and Instrument Mfrs., Sales Pro- 
motion and Advertising. 


Fast, rugged, convenient—and inexpensive. 
The Green Engraver is tops for low-cost per- 
formance—zips out precision work on metal, 
plastics or wood ... cuts four lines of letters 
from 3/64” to 1” on curved or flat surfaces 
- operates by tracing . .. makes anyone 
an expert . .. engraves panels, name plates, 
scales, dials, molds, lenses and instruments. 
(Also widely used for routing, profiling, and 
three dimensional modeling.) Electric etching 
attachment available. 
Special attachments and engineering service 
available for production work. 


FREE—Fact-packed folder. Send for yours, 


today. 
GREEN INSTRUMENT CO. 


383 Putnam Avenue 
Cambridge, Mass. 
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anece d fadrnimoun, 


A. W. HAYDON 


D. C. TIMING MOTORS 


_ with Chronometric Governor 


A primary power source of extreme 
accuracy, this revolutionary develop- 
ment of the A. W. Haydon Company. 
is the first successful production com- 
bining the accuracy of a clock with the 
power of a motor. Made with jeweled 
movements, this extraordinary timer 
permits the solution of problems 
heretofore considered insurmountable, 


load and temperature 


a ry, s co . @ Extreme accuracy 
i Fees Ashe Spee ol © Wide range of voltage, 


@ Reversible 
@ Compact 
@ Light weight 











NEW INSTRUMENTS 





4 





| tenth cycle; both positive and negative 

| pulses provided, 180 degrees apart if 
| both outputs are used simultaneously, | 
| “Model 1-N1” is electrically similar” 


| pulses 
| gives only positive pulses.—Berkshire 
| Laboratories, 550 Lexington Rd., Con.” 


| and electrochemical 
| full-wave circuit with voltage contin- 





NEW PYRO 


All-Purpose 


SURFACE PYROMETER 


Cuts Cost—Reduces Waste—Accurate! | 





Here’s good news for 
plants and laboratories 
who’ve told us they 
wanted a low-cost, rugged 
instrument that will give 
accurate surface and sub- 
surface temperature read- 
ings under all operating 
conditions. Available in 
4 temperature ranges and 
selection of 8 types of 
interchangeable thermo- 
couples. The NEW PYRO 
Surface Pyrometer is 
quick-acting, and _ fool- 
proof ... no special ex- 
perience needed to oper- 
ate it. Big 4” dial. Cata- 
log #180 gives full par- 
ticulars. 














THE PYROMETER INSTRUMENT CO. 


New Plant and Laboratory 
Bergenfield 4, New Jersey 


Manufacturers‘ of 
PYRO Optical, Radiation, Immersion and 
Surface Pyrometers for over 25 years 














23 
dij 


| f 


to “1-U1” except that only negative 
are provided. “Model 1-P}” 








cord, Mass. 
Mention No. 950 when filling out card, 





1.2-kw. Rectifiers 


New “Style RA, Types N 150 Vp 
and N 150 VQ” selenium rectifiers, 
designed especially for electroplating 
industries, have 








uously adjustable from 0 to 8 volts 
d.c. at 150 amps. or 0 to 16 v. at 75 
amps. Breaker is calibrated magnetic 
(not thermal) type, giving full protec- 
tion at all voltage settings. Cabinet is 
25 in. high; has hinged top cover for 
easy access; is arranged for wall, shelf © 
or floor mounting.—Electronic Recti- |) 
fier Co., Inc., Rochester 2, N. Y. 
Mention No. 951 when filling out card, 


Waveguide Detector Mounts 


New “485” detector mounts are de- 
signed to facilitate measurements of 
power at any frequency between 2600 
and 18000 Me. in conjunction with 
maker’s “430A” power meter and a 
Sperry 821 barretter; may also be em- 
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L$ y-f. e! 
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395 Page 
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Mention 
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New 
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New 
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to measure relative level or de- 
ployed energy using a Type 1N21 sil- 
icon crystal.—Hewlett-Packard Co., 
395 Page Mill Road, Palo Alto, Calif. 


Mention No. 952 when filling out card. 





Timing Motor 


New 400-cycle timing motor is a 
hysteresis-type synchronous timing mo- 
tor designed for timing applications in 
400-cyele equipment.—H aydon Mfg. 
Co., Inc., Elm St., Torrington, Conn. 


Mention No. 953 when filling out card. 





Oscillator Triode 


New “Type 6026” flexible-lead sub- 
miniature tube is a high-efficiency os- 
cillator triode designed for transmitting 





service at 400 Mc. in radiosonde and 
similar applications. In such service, 
it can deliver a useful power output 
of 1.25 watt—Tube Dep’t, Radio Cor- 
poration of America, Harrison, N. J. 
Mention No. 954 when filling out card. 





Tandem-type Connector 


New “CS” tandem-type connector 
developed primarily for electric analog 
computers, is also adaptable on a-c. 
network analyzers. Single %4-in-diam. 
silver-plated brass contact insures a 
large contact area within socket. Re- 
ceptacle has two socket contacts in tan- 
dem, insulated from each other. Shells 
are aluminum alloy with phenolic in- 
sulators; accommodates a #12 B and 
S wire, minimum flashover of 2300 v., 
maximum 35 amps.—Cannon Electric 
Co., 8209 Humboldt Street, Los An- 
geles 31, Calif. 

Mention No. 955 when filling out card. 





Delay Line 


_New “Type 1477-A” delay line has 
eighteen taps for selection of delay in- 
tervals from 0.05 to 0.9 microseconds. 
Characteristic impedance, 680 ohms; 





bandwidth, 4.3 Mc.; dimensions, 9.75 
in. long, 0.875 in. wide, 1.25 in. high. 
Several lines may be assembled to 
provide additional delay.—Tel-Instri- 
ment Co., Inc., 50 Paterson Ave., East 
Rutherford, N. J. 


Mention No. 956 when filling out card. 


Three-circuit Plug 
and Receptacle 


New three-circuit plug and recep- 
tacle combination has bodies of both 
parts molded of improved impact Durez 

























































































STRAIN 
N | LOAD 
\ 4 STRAIN 
LOAD 7 
This record from a 
Consolidated . 
5-114 Recording eI eee OS Oe ee ee 
Oscill b Before Load Plastic 
sesllograp Load Application Applied Deformation 


gives an accurate, 
permanent answer 


to the question— 


To ANSWER this question, research engi- 
neers at California Institute of Technolo- 
gy have developed a rapid, tensile-testing 
machine capable of applying to a speci- 
men any load up to 5 tons in 7 milli- 
seconds. The problem is to measure the 
time delay between application of the 
load and the beginning of plastic de- 
formation of metals. 

Consolidated’s Recording Oscillo- 
graphs offer the practical solution to this 
problem. Recording load and deforma- 
tion simultaneously, these instruments 
produce an accurate, high-speed picture 
of the time delay. Strain gages attached 
to the metal specimen and to the test 
machine yield exact signals for both 
deformation and load. By scaling the 


precise, 1/100th-second timing lines— 
automatically recorded by the oscillo- 
graph—against the trace deflections, the 
exact time delay is easily measured, al- 








though it lasts only a small fraction of a 
second. 

Such problems of pure research, as 
well as the most practical field testing 
applications, are answered by Consoli- 


dated recording measurement __instru- 
ments. The most universal of test 
equipment, they are as adaptable to 
highway bridges and box cars as to 1000 
mile-per-hour aircraft. 


Consolidated 
RECORDING 
OSCILLOGRAPH 


CEC’s 5-114 Recording Oscillograph, re- 
cording up to 18 ttaces simultaneously 
on 7”-wide paper or film, is designed as 
the ultimate in precision, versatility, and 
operating convenience and incorporates 
many features available only through 
special accessories on many other oscillo- 
graphs. Recording speeds from 1” to 
115” per second, and easily removable 
feed-and-takeup record magazines of 125, 
250, and 600-ft capacity offer an un- 
usually wide application range. Write 
for Bulletin CEC 1500-X31. 


CONSOLIDATED ENGINEERING 
Corporation 


Analytical Instruments a for Science and Industry 


300 N. Sierra Madre Villa % 


y Pasadena 8, California 
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Pneumatic 
Weight 
Transmitters 


FOX LINEAR CONVERSION OF WEIGHT INTO 
POUNDS PER SQUARE INCH AIR PRESSURE 


A complete line of weight transmitters in single and multiple dia- 
phragm construction with load capacities up to 23,000 pounds per 
diaphragm. Pneumatic tare balance for any portion of the total load 
on all models. All moving parts are enclosed totally. Complete weigh- 
ing systems designed to your requirements. 


WRITE FOR CATALOG 


JOHN R. MONSELL 
Manufacturing Engineer 
Pitman, N. J. 








—S, 


TZ QCA 
eam 


Mil \ 
> MALLU AACHTT HH UITTIERTENUUTE 
a) 0) 


SLIDE-CONTACT RHEOSTATS 
AND RESISTORS 220 TO 1000 WATT 


REX RHEOSTAT CO. 


BALOWIN Li. N.Y 
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STATIONARY 
TACHOMETERS 


CENTRIFUGAL TYPE 


Indicating R.P.M., F.P.M., etc. 
Belt, Sprocket, or Flexible 
Shaft Drives 


Models available for practically 
every requirement. 
Immediate and intelligent attention will 
be given to your inquiries on all industrial 
speed measurement problems. Drop us a 

line today. 


Amthor Testing Instrument Co., Inc. 


49a Van Sinderen Ave. Brookiyn, N. Y. 











NEW INSTRUMENTS 


ce, 





phenolic. Receptacle has silver-plated 


silicon spring bronze contacts, dimpled | 
for low-loss contact and proper regis- | 


tration of plug. Prongs are heavy 


silver-plated brass. Furnished with or | 
without cord according to specifica. | 
tions. Rating is 15 amps. at 125 volts, | 
10 amps. at 250 volts, a.c. or dc— © 
Soreng Mfg. Corp., 9555 Eden Ave,, © 


wi ei 
Sy 


Schiller Park, Illinois. 
Mention No. 957 when filling out card, 


Microwave Attenuator 


New “Model SIJ” external broad- 
band microwave attenuator operates 
on principle of a waveguide beyond 
cut-off; provides a range of attenuv- 
ation in excess of 140 db; is designed 
to cover frequency range from 4000 
to 12000 Mc.; has a 50-ohm impedance. 
—Polarad Electronics Corp., 100 Metro- 
politan Avenue, Brooklyn 11, N. Y. 


Mention No. 958 when filling out card, 


Volume Controls 


New “Series SWB” makes possible 
a new combination of control, switch 
and shaft, heretofore available with 





1.125-in.-dia. volume control replace- 
ments, now extended to 0.9375-in.-dia. 
size. New smaller “Ad-A-Switch” has 
Underwriters’ approval, is obtainable 
in s-p.s-t., three-way no “Off” position 
s-p.d-t. and d-p.s-t.—Clarostat Mfg. 
Co., Inc., Dover, N.H. 


Mention No. 959 when filling out card. 





Line Pad 


New “Type V-102” video line pad 
in aluminum case with connectors for 
one or two line amplifier outputs, line 
input and monitor input, is designed 
to feed from a 73-ohm source to a 73 





















ohm line 
pranch Cl 
tion for ¢ 
monitor.- 
Central . 

Mention 





d-c. pov 
d-c. ope 
are 2 
Open 8- 
Ward | 
Vernon, 
Menti 


with 





ine with zero loss; and provide a 
hair circuit containing 14 db of isola- 
tion for connection of a high-impedance 
monitor—The Daven Company, 191 
Central Ave., Newark 4, N. J. 

Mention No. 960 when filling out card. 





Solenoid Contactor 


New “Bulletin 4458 Size O” a-c. 
solenoid contactors are designed for 
load and control circuit use. Contac- 


‘tors are available in 3- and 5-pole 


Contacts, housed in molded 





forms. 
Melamine arc hood, can be_ inter- 
changed to form N.O. or N.C. poles. 
New contactors can be furnished with 
d-c. power plants for 115 or 230 volt 
d-c. operation. Maximum hp. ratings 
are 2 hp., 440-550v., 3 ph. 60 eps. 
Open 8-hr. ampere rating is 15 amp.— 
Ward Leonard Electric Co., Mount 
Vernon, N. Y. 

Mention No. 961 when filling out card. 





Isolation Box 


New non-powered isolation box, for 
use with “Tacoplex Antenna Distribu- 
tion System,” is housed in a Bakelite 
box the size of a standard outlet box. 
It contains a matching network of re- 
sistors providing an isolation factor 
between receivers of at least 30 db, 
with a minimum signal drop across 
outlet. Terminals are provided for 300- 
ohm twin-lead to receiver.—Technical 
Appliance Corp., Sherburne, N. Y. 

Mention No. 962 when filling out card. 





Subminiature Relays 


New “Type MH” subminiature relays 
have been developed to meet require- 
ments of USAF Spec. MIL-R-5757. 
Diameters: 6-pole, 1.1875 in.; 4-pole, 
1.0825 in.; 2-pole, 0.625 in. For mini- 
mum chassis area, seated height for 
all three is 1.50 in. Operating range 
for “Standard Type MHB” is —55 C. to 
+85 C. and for “High-temperature 
Type MHA” is —65 C. to +200 C. 
New relays withstand 10-G vibration 











and 30-G shock of 10 milliseconds dura- 
tion, as an operating condition. Her- 
metically sealed for operation to 70,- 
000 ft, Nominal coil voltage is 26.5 


TO CHECK RELATIVE HUMIDITY REMEMBER 


Bend MAKES the RIGHT INSTRUMENT 


at the RIGHT PRICE for EVERY JOB! 


V4 


Model 185 Hygrodial 
Precision Humidity and 
Temperature Indicator 
Hair-operated and calibrated to 
oye raps standards of accuracy 
y the maker of the world’s finest 
weather instruments. Handsome, 
modern case—4” high, 542” wide, 
1%” deep. 





Model 594 


Hygrothermograph 
The foremost relative humidity re- 
corder for laboratory, factory, and 
office use. Scientifically designed 
for accuracy and dependability. 


Model 550 
Sling Psychrometer 


Manufactured to U. S, 
Weather bureau specifi- 
cations. Thermometers 
graduated in 1° increments 
from —20° F to +120° F, 
or —35° C to +49° C, 


Model HA/2 
Hand Aspirated Psychrometer 
Accurate readings obtainable with- 
out special skill, Psychrometric 
readings can be taken at any 
point desired however inaccessible. 





Model 573 
Motor Aspirated Psychrometer 
Designed to determine wet and 
dry bulb temperature with labora- 
tory accuracy—Motors supplied for 
use on 115 V., 50 cycles or 60 cycles. 








Model 160 
Portable Humidity and 
Temperature Recorder 


3” x 5” charts, 10 or 30 hour 
records. Modern design...handy for 
small space and difficult locations 
« - built to meet unusual conditions. 





Model S/1 
Pocket Sling Psychrometer 
A_ small, low cost instrument. 
Ther t graduated in 1° 
increments from +35° F to 


+110° F. Furnished complete with 
case and psychometric slide rule. 





FRIEZ INSTRUMENT 


DIVISION OF 
1316 Taylor Avenue 
Baltimore 4, Maryland 


Aviation mh res 


Export Sales: Bendix International Division, 
72 Fifth Avenue, New York 11, N. Y¥. 











Position Indicator 
Type 1C-O01A 


Position Indicator 





Stiffness Motor 





Torque Generator 


Variable Inductor 





SYNCHROS .- 





SERVOMECHANISMS 


The Doelcam Microsyn is an electro-magnetic four pole, 
reluctance bridge unit providing rugged construction, 
inherent electrical and mechanical simplicity, and high 
accuracy performance in the following applications: 


provides an electrical indication of angular displacement 


with high signal-to-noise ratio. 


operates asa torsional spring with adjustable stiffness coefficient. 


supplies a torque proportional to excitation and independent 


of shaft rotation. 


‘offers an inductance that varies linearly with shaft rotation. 


The Doeleam Microsyn can be designed for special applications 
in a wide variety of sizes. Units are available in instrument 
housings or as rotor and stator combinations to provide for 


individual mounting. 


For more details, write to: 


DOELCAM CORPORATION 


56 Elmwood Street, Newton 58, Massachusetts. 


- MICROSYNS - 
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Gyroscoptc Flight Test and Control Instrumentattor 


ELECTRONIC INVERTERS 




























FOR 
RECORDING 





Type A-500 
12-channel 





Oscillograph Recorder 


© The Heiland 500, because of the 
extremely small size and light 


® Portable 


© Compact (6 3/4” 
x 9 13/16” x 12 3/4”) 


@ Light weight (33 Ibs.) 
@ Easy loading 
@ 2 to 12 channels 


@ Many other features 
found only in 
much larger recorders 


BEN VER 


weight, is widely used in aircraft and guided missile testing and by industrial 
and general research laboratories. The use of highly sensitive Heiland galva- 
nometers permits the measurement of strains without the use of amplifiers, 


For further information write 


HEILAND RESEARCH CORPORATION 


130 East Fifth Street 
Denver, Colorado, USA 










PAT APPLIED FOR 


Protects against 
Pulsation 
and Shock! 


Eliminates 
Snubbers - 
It Can't Plug- 


The Most Significant Pressure Gage 
Development in 50 Years. 


For the first time, a successful means of eliminating 


the effect of pulsation and shock on pressure gage 
mechanisms has been developed which DOES NOT 
introduce.an orifice or restriction in the pressure 


It Can’t Plug 


FOR COMPLETE INFORMATION, 
WRITE FOR CATALOG C-50 


ACRAGAGE CO. 


connection. 


MILFORD, CONN. 
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High pressure or low, there is a 
Giannini precision pressure transmitter 
that meets your requirements for remote 
indication, recording or control. 

From less than 1 up to 10,000 psi, with 
various types of resistance and inductive 
output values, Giannini precision pres- 
sure transmitters are designed: to with- 
stand extremes of acceleration, tempera- 
ture, vibration, while at the same time 
retaining their accuracy and their fast 
response characteristics.'‘They are stand- 
ard with the Leaders."’ Write for booklet. 


G. M. Giannini & Co., Inc., Pasadena 1, California 


Sa e 





dependable instruments 


af.°)., 0 





NEW INSTRUMENTS 


volts d.c. but coils withstand Overvolt. 
age of 23 percent for 8 hours without 
damage. Contacts are rated at 2 amps, 
non-inductive at 28 volts d.c. for life 
expectancy over 1 million operations 
Contact circuit resistance less than 
0.02 ohm from terminal to terminal 
—Allied Control Co., Inc., 2 East End 
Ave., New York 21, N. Y 4 


Mention No. 963 when filling out card, 











Time Delay Relay 

New “Silic-O-Netic” 10-amp. hy. | 
draulic-magnetic time delay relay uti- | 
lizes an operating principle said to be 
new: a sealed tube, extending through | 
and below relay coil, is filled with a 


if 















| viscosity-stable silicone liquid, and 
holds a movable iron core. When coil 
is energized, movable core is drawn 
up into magnetic field, and its rate-of- 
rise is controlled by the silicone liquid, 
Relay operates on increased magnetic 
flux caused as core reaches pole-piece 
at top of tube. Units are available 
with timings up to 4 minutes. Timing 
is not appreciably affected by temper- 
ature or position changes.—Heinemann 
Electric Co., 305 Plum Street, Tren- 
ton 2. N. J. 








Sealed Relays 


New “Series 5000” subminiature 
| anti-vibration relays are now available 
| in hermetically-sealed containers. They 


withstand 20 g vibration and more than 
50 g acceleration in any direction with- 
out affecting contact position. Illus- 
trated is “Model 5610,” an s-p.d-t. type 
with coils available in ratings from 3 


Mention No. 964 when filling out card. f 





72 vol 
§ to 5000 
San Vice 
Calif. 
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Its d.c., and resistances from 
to e000 ohms.—Neomatic, Inc., 116382 
San Vicente Blvd., Los Angeles 49, 


Calif. 
Mention No. 965 when filling out card. 





Low-capacitance Relay 


New low-loss midget relay has 2.5- 
uuf. max. capacitance between contacts 
and to ground. Can be furnished with 





d ingle-pole normally-open or normally 
4 Gad? 2 pole N-O or N-C; and s-p.d-t. 
| Max. rating 3 amperes non-inductive 


at 28 volts d.c. (Two-pole N-O relay 
is illustrated). Also available up to 
4-pole d-t. in standard contact arrange- 
ment.—R-B-M Div., Essex Wire Corp., 
Logansport, Indiana. 

Mention No. 966 when filling out card. 


AGC Strip 


New “No. 1562” automatic gain com- 
pensator strip for use with “Tacoplex” 
System, compensates automatically for 
changing signal strength by means of 
a detector and filter for developing a 
bias voltage proportional to signal out- 
put. Bias voltage is fed to a four-tube 
amplifier strip connected to antenna. 
Strips come tuned for any one of the 
12 TV channels or FM band.—VTech- 
nical Appliance Corp., Sherburne, N. Y. 

Mention No. 967 when filling out card. 








Lever-actuated Switches 


New “V” series of maker’s basic 


| “Type A” switches have higher capacity 


than previous series, being rated by 
Underwriters Laboratories for 0.75-hp. 





115 v.a.c., 1.5-hp. 230 v.a.c.; 20 amps. 
125, 250 or 460 v.a.c.; 10 amps. 125 


vac, “L” (“L” being a-c. filament- 
lamp load). Contact-break distance 0.02 
In; contact arrangement s-p.d-t.—Mi- 
cro Switch, Freeport, Ill. 

Mention No. 968 when filling out card. 





Miniature Rotary Switch 


New miniature rotary switch, for 
miniaturized airborne equipment, is 
said to lend itself to applications pre- 
viously considered impractical. Gang- 
mg one-, two- or three-pole switches 
offers combinations for complex cir- 





for 


TEMPERATURE. 
INDICATION 


Model “V” is one of many Auto-Lite 
dial thermometers made for industry. 
The outline drawings show how this 
temperature indicator can be adapted 
to meet specific needs through various 
standard mountings. Send for our new 
Catalog No. G-143-B of Auto-Lite dial 
indicating and recording thermometers. 


THE ELECTRIC AUTO-LITE COMPANY 

INSTRUMENT AND GAUGE DIVISION (Dept. D) 
TOLEDO 1, OHIO 

NEW YORK * CHICAGO * SARNIA, ONTARIO 
















MODEL 
ahd "2 | iy 


















MODEL "'V-6"" 








Model B-30 


HAN KISON 


Clean, Dry 
001 


—for Operating Instruments! 






Condensifitter 


For maximum protection of air-operated 
instruments against oil, water, sludge 
and foreign materials, the New Hankison 
Model B-30 Condensifilter features a 
dehydrating device—a mechanical filter 
—and a self-purging trap in a single 
compact unit. Only 15” high and 9” in 
diameter, this unit will clean and dry 
compressed air at the rate of 30 c.f.m. 
at 100 psi. Larger models available for 
greater capacities. 

To add long life and trouble-free serv- 
ice to your air-operated instruments— 
specify B-30 Condensifilters for your 
requirements. 


Write today for Bulletin B-30. 






HANKISON Corporation 


291 Renton Bidg., 1501 Beaver Ave. 
Pittsburgh 33, Pa. 
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BOLOMETER AND 
PREAMPLIFIER 


Thermistor bolometers are FAST, sensi- 
tive INFRARED and HEAT detectors. Especially 
RUGGED for industrial, scientific, and military 
applications. PREAMPLIFIER provides NOISE- 
FREE initial amplification and mount. 





DEPT. 


SERVOTHERM PRODUCTS 





THERMISTOR 


60 CYCLE line. 


OF AMERICA 


9 NEW HYDE PARK, N.Y. 


POWER SUPPLY 


Provides voltages required by 
BOLOMETER bridge and PREAMPLI- 
FIER. Regulated and filtered permit- 
ting THEORETICAL NOISE LIMITS of 
amplification, while operating from 


SERVO CORPORATION 

















HELLIGE 


GLASS ELECTRODE 












[- METER 


Now Only 


$135.00 


Hellige pH-Meters, embodying RELIABIL- 
ITY, VERSATILITY, AND SIMPLICITY, are 
ideal instruments under rigorous conditions. 
Low-priced and self-contained, they can be 


used anywhere. 


PRECISION OF MEASUREMENTS 
0.05 pH unit and 0.005 volt 
0.01 pH unit and 0.00! volt 


WRITE FOR NEW CATALOG No. 7040 


HELLIGE 


INCORPORATED 


3718 WORTHERN BLVD. LONG ISLAND CITY 1, N.Y. 


established manufacturer of 
dustrial 


gressive man experienced in 
strumentation. State fully. 


Scientific Instrument Co. 
Detroit 26, Michigan 


Sales Engineer: Wanted by well 


in- 


thermometers, dials, re- 
eorders and controllers, to work 
out of its’ Detroit office. This is 


a genuine opportunity for an ag- 


in- 








Just Published 
Applications of 


By 
ALLEN L. CHAPLIN 


144 pages, Cloth, 4% x 8 in. 


$2.50 postpaid 








Payment must accompany orders. 


Industrial pH Control 


The Instruments Publishing Co., Inc. 
921 Ridge Ave., Pittsburgh 12, Penna. 
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NEW INSTRUMENTS 


















from 20 C 

150.—Inte 

N. Broad 

Mention 

Mi 

New oY 

ture hern 

solder lus 
cuits. Insulation between shaft and 
contact arms will withstand 2,500 volts 
a.c. Diam., 5/8”; switch body 8/16” 
thick. Plastic parts compression molded 
of Plaskon Alkyd, said to be 9 times 
more resistant to arcs than phenolics, 







Mention No. 969 when filling out card, 


Precision Dual Rheostats | 


New dual VDR’s “Model 245” (95) 
watt each section) and “Model 241” 
(50 watt each section) feature all. 
metal construction for maximum heat 






dissipation, metal winding core, stain- 
less-steel insulated shaft, and copper 
graphite brushes. Available in high 
resistance ranges within 5 percent up 
to 50,000 ohms in 25-watt size, and 
75,000 ohms in 50-watt size. Can be 
custom-built for step windings, tapered 
cards, special gaps, shorting bars, de- 
tent mechanisms, non-turn locking de- » 
vices and_ slotted shafts.—Industrial | 
Div., Sec. IN, DeJur-Amsco Corp.” 
Long Island City, N. Y. if 

Mention No. 970 when filling out card. 8 
f 








Subminiature Resistor 


New “Type WW-10” resistor is in- 
tended to pack as much resistance as 
possible into smallest possible space. 
Available in values from 10 ohms to 
0.160 megohms. Rating 0.15 watt at 
85 C. ambient; maximum temperature 
coefficient 0.0025 percent per deg. C. 
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rs 





from 20 C. to 100 C. Maximum voltage 

150.—International Resistance Co., 401 

N. Broad St., Philadelphia 8, Pa. 
Mention No. 971 when filling out card. 





Miniature Resistors 


New “Akra-ohm Type 1180” minia- 
ture hermetically-sealed resistors with 
solder lug terminals and designed to 




















) meet requirements of JAN-R-93, char- 


acteristic A, style RB11, are 0.594 in. 
longx 0.5 in. diameter and are rated 
0.25 watt at 250 volts. Resistance values 
up to 0.1, 0.3 or 0.4 megohms; non- 
inductive winding.—Shalleross Mfg. 
Co., Collingdale, Penna. 

Mention No. 972 when filling out card. 





| TECHNICAL SOCIETIES | 


ASME SYMPOSIUM ON HIGH PRESSURE 
The Industrial Instruments and Regulators 
Division of the American Society of Mechan- 
ical Engineers announces that plans are rap- 
idly developing for its High Pressure Sym- 
posium to be held during its Annual Meeting 
at Cleveland, Ohio, September 8-12, 1952. 
Although the instrumental side of high pres- 
sure work will be stressed, a well-rounded 
program will be presented, covering all fields 
of interest relating to current operations in 
the pressure range from 10,000 to 150,000 
psi. Papers are being solicited on the design 
of instruments for measuring pressures and 
for measuring the physical properties of ma- 
terials in this range. 

The tentative program includes papers in 
the following groups: 

I Survey and Historical 
II Measurements 
III Properties of Materials 
IV Pressure vessels 

V Pumps and plumbing 

It is expected that the Symposium papers 
will be published in a single volume, which 
will then represent the current state of knowl- 
edge on high pressure technology. 

Mr. W. H. Howe, Chief Engineer, The 
Foxboro Company, Foxboro, Mass., will be 
in general charge of arrangements for the 
Symposium, Interested authors are requested 
to submit an abstract of their proposed pa- 
pers to Mr. Howe as early as possible. Dead- 
line for completed manuscripts is May 1, 1952. 


SOCIETY FOR APPLIED SPECTROSCOPY 


The October meeting of the Society for Ap- 
plied Spectroscopy will be held on Tuesday, 
October 2. 6:00 p.m., informal dinner, Tosca’s, 
118 Fulton St., New York, no reservation 
necessary, 8:00 p.m., regular meeting, Socony- 
Vacuum Training Center, 63 Park Row, 
N.Y.C., Speaker, Dr. H. P. Schwarz, Div. 
of Biochemistry, Philadelphia General Hospi- 
tal, Subject, Infrared Spectroscopy of Tissues. 


OTHERS 


AIEE Conference on Aircraft Equipment, 
Hotel Cleveland, Cleveland, Ohio, October 22- 
26, 1951. 

Society for Experimental Stress Analysis, 
Annual Meeting and Exhibit, Bellevue Strat- 
ed Hotel, Philadelphia, Pa., November 28-30, 

National Electronics Conference, Edgewater 
Beach Hotel, Chicago, Ill, October 22-24, 1951. 














All time and labor saved by industry in 

these critical days mean more goods for 

civilian use and a stronger military arm. 

Victor Electric Adding Machines are de- 
signed to speed up office work... save 
man-hours. By supplying Victor with de- 
pendable motors that pass their assembly 
line tests and keep their service calls to a 
bare minimum, Bodine is helping another 
company speed up production and pro- 
duce a better product at a lower cost. 

An unsolicited letter from the Victor 
Adding Machine Co. reads—‘‘You have 
been supplying us with motors for the past 
two years, and during that period Bodine 
has established one of the best quality 
records for consistency of performance 
and service ever achieved. For the last four 
months, we have been keeping statistical 
quality control charts on all of our major 
sources of supply, and Bodine rates as our 
#1 supplier, with a quality average Of cu scssemues 
99.96%.” Times R 

If you have a motor application problem, anes 
it will pay you to consult Bodine engineers. 


Bodine Electric Co., 2244 W. Ohio St., Chicago 12, Ill. 

















FIVE INCH 
OSCILLOSCOPE 


T-601-B 


@ Y AMPLIFIER 
10 mv. rms/in. —3db 2cy 
to 12 Mc. 
@ X AMPLIFIER 
250 mv. rms/in. —3db 2cy 
to 250 Ke. 
Z INPUT 
1.5V. visible for marking 
RECURRENT SWEEP 
10 cycles to 100 Ke. 
TRIGGERED SWEEP 
10 ms. to 105 ms. 
INTERNAL CALIBRATOR 
Measures 10 mv. to 500 v. 





@ PROBE The TEC model T-601-B is a general purpose high quality 
10 mmf. 2 megohms — - se nag with “4 the features > cong bs 
precision laboratory equipment. Sturdy construction, high- 

Ara 6Ocy SWEEP est grade components and top engineering design, the 
T-601-B is widely used in the country's top laboratories. 


e@ $399.50 FOB N. Y. C. WRITE FOR DETAIL SHEET N-91 


TELEVISION EQUIPMENT CORP. 


238 WILLIAM ST., NEW YORK 7, N.Y 
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For Measuring 
RADIOACTIVE 
EMISSION 


Pocket Gamma Ray Dosimeter 


A personnel protection instrument to measure cumu- 
lative exposure to x- or gamma rays. The cylindrical 
case contains an ionization chamber and a quartz fiber 
electrometer. Optical system enables position of the 
fiber to be read easily upon a 40-division translucent 
scale. Standard range O-200 milliroentgens. Size 434" 
x 4" dia. 

Other Cambridge Instruments 
LINDEMANN-RYERSON ELECTROMETER has high sen- 
sitivity and good stability. Does not require leveling. 
When reading, the upper end of the needle is observed 
on a scale illuminated through a window in bottom of 
case. Size 8.3 x 6.5 x 3.5 cm. 

“CHANG and ENG” FAST NEUTRON DETECTOR follows 
closely original design of U. S. Atomic Energy Com- 
mission. Consists of twin ionization chambers, Linde- 
mann Electrometer, reading microscope and dry cells. 
Self-contained. 

PRECISION IONIZATION METER (Failla Design). A 
complete instrument for null methods of radioactivity 
measurement where background radiation effects 
must be eliminated. Operated from A.C. outlet. 


Send for complete information 


CAMBRIDGE INSTRUMENT CO., INC. 


Pioneer Manufacturers of Precision Instruments 
3742 Grand Central Terminal, New York 17, N. Y. 


GET THE FACTS 
ABOUT TIMING 
MOTORS IN 


THIS FREE 
BULLETIN 





Torque ratings, specifications, drawings, 
application data on TELECHRON synchro- 
nous motors are included in this informative 
bulletin. These well-known motors are used 
in instruments, timers, electric clocks, cost 


recorders, cycle controllers and many other recording 
devices. They are your guarantee of accurate, dependable, 
long-life service. Write now for your copy of Bulletin 
IS-120. Telechron Department, 
General Electric Company, 
69 Union St., Ashland, Mass. 


Selechwon’ 
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INSTRUMENT ELECTRONICS 


Continued from page 1049 


effect of linking two inductors is called mutual inductane 
(M) and is measured in henrys. The amount of mutual 
inductance between two circuits—that is, the Voltage de. 
veloped in one coil by a given rate of change of current 
in the other—depends on their size and shape, their relative 
positions, and the magnetic permeability of the mediyn 
between the two. 



















circuit (air) causes most of the flux lines to follow paths pn 
Brines 
Chips 
Paper Sto 
Slurries 
Wood Sto 
Non-Meta 


ductors are coupled is expressed by a coefficient of coup. 
ling (k). This coefficient is unity when all the flux set y 
by one coil links the other; it expresses the ratio of the 
mutual inductance actually present to the maximum valye 
obtainable with unity coupling. 





The mutual inductance of two coils can be formulated int Mine?! 
terms of the individual inductance and the coefficient of. , 
coupling: B = mater! 

M = k(L,L,)* ; = 

Thus, the mutual inductance of two coils, each with an in cloggir 

ductance of 10 henrys and a coupling coefficient of 0.8, is) glignm 
M = 0.8(100) * = 8 henrys. ; 

Inductors in parallel_—The total inductance of inductors “Closed 
in parallel is calculated in the same manner as for resistors) mater! 
in parallel, provided the coils are far enough apart to make: isi t 






the effect of mutual inductance negligible. 

Inductors in series.—When the coils are far enough apart 
to make the effect of mutual inductance negligible, indue 
tors in series are added like resistors in series. However, 
when two inductors in series are arranged so that the field 
of one links the other, the net inductance is L, + L, + 2M. 
The plus-or-minus sign must be used in the expression 
because the emf. induced in one coil by the flux produced 
by the other can either aid or oppose the counter emf.e 
produced by self-induction—depending on the way the coils 
are wound. If two series coils are arranged so that one CONN 
can be rotated relative to the other to cause a variation 
in the coefficient of coupling, the total effective inductance 
can be varied continuously. Such an instrument, called a 





variometer, provides a variable inductance. — 
Transformers 

Two coils with mutual inductance are called a trans-) Whateve 
former. The coil that produces the original magnetic field!) tools tha 
is called the primary; the coil in which the voltage is double | 


induced is the secondary. The secondary winding can have | pe 


the same number of turns, more turns, or fewer turns than, 
the primary. " 

As shown in Fig. 2-19,A only part of the flux produced by 
the primary of an air-core transformer links the secondary 
windings. The flux lines that do not cut the turns of the 
secondary coil are called leakage flux. As the leakage flux 
does not induce a potential in the secondary, leakage should 
be kept as low as possible. The leakage can be kept low if 
the two coils are wound on an iron core (Fig. 2-19,B). In 
an iron-core transformer the flux lines stay within the 
high-permeability core, and almost all of them link the 
secondary coil. 

Turns ratio—When an alternating current flows in the 
primary winding of a transformer, an alternating voltage 





is induced in the secondary. Whether the induced secondary F  grrong s 
voltage is higher or lower than the voltage that is applied er 
to the primary depends entirely on the ratio of the numberB ¢,, LD vy 
of turns in the secondary winding to the number of turms§ 3/4” O.1 
in the primary winding. If the secondary has more turns oat 


than the primary winding, the voltage induced in the sec 
ondary is increased. This is a step-up transformer. Like- 
wise, if the secondary has fewer turns than the primary 
winding, the secondary voltage is lowered; this is a step 
down transformer. The voltage relation is expressed by the ] 
following equation: 








EY/Es = Np/Ng, 
where E, is the voltage impressed across the primary 
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Acids 
Asbestos 
Brines 3 
Chips i 
Paper Stock 3 Type 7300— Check List for 
> Slurries 200— Motor operated 
rag Oe 7200 Fenged to ADJUST-ANGLE 
Non-Metallic | | = 
lated j Minerals Se 
a ~ Fiex-VALVE is the ideal choice for handling such Versati ity 
/ materials as those listed—either dry or in suspension—at v Adaptable to any installation where visi- 
) temperatures up to 210 deg. — bility j bl 
h i Resists both abrasion and corrosion; eliminates lity is a problem. 
; _ in cating, plugging, building up; absorbs vibration and mis- at Adjustable to any angle before and 
©, 18 alignment. ° a - 
BE: 2 Open—it's as free of obstruction as the pipe itself. after installation—| 80° front to back or 
iductors Closed—it’s bubble-tight and it closes tight on all of these left to right. 
esistors) materials, Pre - ee 
to ena Available in either hand or air operated types in a Easi ly installed and adjusted simplifies 
sizes from @ to ve ~ init aa | maintenance. 
sers have found FLEx-VALvE to be the low-cost inimi . 
h apart solution to tough valving problems. If your present | w Min oescnte breakage—Reduces stock re 
, Indue valves aren’t 100% effective, take a look at this one, | quremens. 


Catalog 455 gives details. | i Any standard range from — 40°F. to 


Flexible Valve Corporation 750°F. 


336 COMMERCIAL AVE. * PALISADES PARK, N. J. | 













ADJUST-ANGLE Industrial Thermometer 
—with Interchangeable Union or Separ- 
able socket. 7", 9", or 12" cases—3!/2" 
to 30" stem. 


trans- |} Whatever your tubing connection job, IMPERIAL has the 
¢ field’) tools that make it easy to do faster and better cutting, flaring, 
age is double flaring, bending, reaming, swedging and pinch-off 
1 have! of tubing. They are all built to quality standards which have 
; than. made IMPERIAL TOOLS the overwhelming favorites. 


HI-DUTY TUBE CUTTER 


Free wheeling ball bearing action. Roller. 
ndary type with flare cut-off groove. Retractable 
yf the) ‘eamer. No. 274-F for 1/8” to 1” tubing. 
Also other models and sizes. 


=” ROL-AIR 
FLARING TOOL 





ADJUST-ANGLE Dial— 


Indicating Thermometer— 
Phenol, Aluminum, or 





). In with 41/" 
1 the Both flares and burnishes. Rolls flares in 2 ga i a 

th the air with tubing above die block. eek 2 veal 
c the Single nut clamping. No. 355-F flares Union or separable 4 

1/4”, 5/16”, 3/8”, 1/2”, 5/8” O.D. | socket connections. \ 

n the Tubing. 
Itage ~) HAND TUBE BENDERS 
dary 


, Strong, smooth-operating, calibrated, 
plied Fo n-side, Bend to ae shale up to 
mber 180°, No. 364-F individual benders 
for each size of tubing from 3/16” to 
urns 3/4” O.D. Also gear-type benders. 


25 years of service to industry 
. . » producing instruments of highest accuracy; 
. creating new instruments to serve new needs; 





urns Ask f f th z 
sec. | IMPERIAL TUBE WORKING HANDBOOK See Your Supply House "If it's a thermometer, we'll make it" 
sike- 













THE IMPERIAL BRASS MFG. CO. 
ide Gch Wx, Yoru. Gotete WEKSLER THERMOMETER CORP. 
52-56 West Houston Street, New York 12, N.Y. 


ee Digg Ms Boge we. Catalogs Available on our complete line 
Your inquiries earnestly solicited. 
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’ Before you select a Tempera- 
ture Regulator, compare low-cost 
Stacon ‘with the rest. No other 
regulator has as many features 
or offers as many advantages as 
a Farris Stacon. 


PROVE IT! 
Make this Chekchart Test 









































Farris Air Self 
Stacon Operated | Operated 
@ Dirt Proof — Hermetically 
Sealed? Yes 
@ Extreme Accuracy? +1° 
® Packing or Glands to Leak? No 
® Drop-tight Shut off? Yes 
® Vapor-steam Energized 
Super Power Pilot? Yes 
© Supervision—Maintenance? None 





Write for Stacon Bulletin 50-1000. It contains complete informa- 
tion on the most sensitive, accurate, economical temperature 
regulator available . . . anywhere. 


Farris Stacon Corp. 
536 COMMERCIAL AVE. PALISADES PARK, N. J. 





NEW 
ELECTRIC 






“CS” and “Y” 
ELECTRIC 
PRODUCTIMETERS 
The answer to all 
electric counting 
requirements 


Two Companion Counters . . . Two Sizes ... 
Hi-Speed... Accurate ...Long Life...Totally Enclosed 


Speeds of 1000 counts per minute. Both counters give 
maximum readability. Design fits all mounting conditions 
+ « « panel mounting or base mounting. Hardened steel 
working parts for long life and dependability. 

New type case for compactness, rigidity, and protec- 
tion against dust and moisture conditions. Operate accur- 
ately over wide current fluctuations. 


DURANT MANUFACTURING CO. 


write for 
“New 1914 N. Buffum St. 114 Orange St. 
Electrics” Milwaukee 1, Wis. Providence 3, R. I. 
Bulletin Representatives in Principal Cities 


tel iiaillaiat: 


SINCE 1879 





| Count Everything | 
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winding, E, is the voltage induced across the seconda; 
winding, Np is the number of turns in the primary winding 
and Ng is the number of turns in the secondary winding 
(Fig. 2-19,B). 
Fig. 2-20 shows a load resistor connected to the seconda; 
of a transformer. Neglecting losses, the power supplied 
the primary winding equals that delivered by the secon 
winding to the load. Therefore, if the secondary Voltage js 
stepped up, the secondary current must be reduced jn 
order that the power remain the same.*This leads to the 
following relation between the currents and turns ratio: 
Ip/Ig = Ng/Np. 
Note that the primary and secondary currents 
versely proportional to their respective turns. 
Consider the transformer circuit in Fig. 2-20, When the 


are in- 
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Fig. 2-20. Transformer with load resistor attached 
to the secondary. $ 


load resistance across the secondary winding is changed, 
both the secondary and the primary current change. This 
is because the primary and secondary voltages are fixed 
by the turns ratio. Therefore, if the load resistance on the 
secondary is made smaller, the secondary current increases, 
This means that the secondary power is greater. As the 
primary circuit furnishes the power, the primary power 
also must increase. As the primary voltage is constant, 
the increase in power must be due to an increase in primary 
current. Thus, any time the secondary current increases or 
decreases for any reason, the primary current does likewise. 

When no current is taken from the secondary (secondary 
unloaded) the current through the primary is small. How- 
ever, a short circuit in the secondary causes an effective 
short circuit in the primary. 

It is possible to obtain transformer action with a single 
coil of wire. This is shown in Fig. 2-21. The primary can 
be the total coil (A-C) and the secondary can be tapped off 
at some intermediate point on the coil (B-C). This type of 
transformer is known as a step-down autotransformer. An 





PRIMARY { 
A 8 Cc | 0000 gr IRON CORE j 
LOW - VOLTAGE CENTER-TAPPED 
a SECONDARY HIGH-VOLTAGE 
Fig. 2-21. Autotransformer. SECONDARY 


Fig. 2-22. Iron-core transformer with two secondaries. 


autotransformer can be used either as a step-up or as & 
step-down transformer. When used as a step-up trans- 
former, the input is applied across a portion of the whole, 
and the entire winding is the secondary. The current and 
voltage relations depend on the number of turns in the 
primary and secondary, as in any transformer. , 

One of the principal uses of transformers is to obtain 
voltages either higher or lower than that available in the 
power line. Transformers frequently are wound with sev- 
eral secondary windings to produce several output voltages 
(Fig. 2-22). 

Transformer losses.—Transformers are efficient. The 
power output can be more than 99 percent of the power 
input. However, some power is lost owing to copper loss, 
hysteresis, and eddy currents. 

Copper loss is simply heat caused by the current in the 
copper wires of the windings. This is minimized by using 
winding wires with sufficient current rating to carry the 
current without heating. 











When iron is used as the core of a transformer, it is 
subjected to a varying magnetic field. The atoms of iron 
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TACHOMETERS | | SAVE ADDITION 


THREE RANGES expand scale and 1/2 RPM to 100,000 RPM. 
allow easy, accurate reading over a FLEXIBLE. Scales marked in any 
wide range of speeds. quantity proportional to actuating 
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These manometers are direct reading. They 
save time—no additions. Likewise, pre- 
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in gas and air lines leading to equipment 
under test. At test stations in this plant they 
also measure the pressure of gas and air 
for test units. 





Other industrial uses are for measuring 
vacuum pressures in tanks, setting gas 
pilots, reading pressures at blowers. In 
testing laboratories they are extensively 
used in measuring the pressure and 
vacuum of practically all kinds of liquids 
and gases. Complete information on request. 
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FOR YOUR PANEL 


A NOVEL and UNIQUE CIRCUIT INDICATOR 


DESIGNED FOR 
NE-51 NEON LAMP 
For 110 or 220 
volt circuits 
The required resistor 
is an integral part 
of this assembly 
—“‘built-in.” 


RUGGED 
DEPENDABLE 
LOW IN COST 





PATENTED: No. 2,421,321; Cat. No. 521308-997 


WILL YOU TRY A SAMPLE? 


Write on your company letterhead. We will act at once. 
No charge, of course. 
SEND FOR THE 192 PAGE HANDBOOK OF PILOT LIGHTS 
Among our thousands of Pilot Light Assemblies there is one 
which will fit your special conditions. Many are especially 
made and approved for military use. We pride ourselves 
on prompt deliveries—any quantity. 


ASK FOR OUR APPLICATION ENGINEERING SERVICE 
Foremost Manufacturer of Pilot Lights 
The DIAL LIGHT COMPANY 
of AMERICA 


900 BROADWAY, NEW YORK 3, N. Y. SPRING 7-1300 











A SUPERIOR DETECTOR 
for 
INFRA-RED SPECTROSCOPY 


Golay 


PNEUMATIC DETECTOR 


Among the characteristics that render the 
Golay Detector superior to other types of 
detectors for use in infra-red spectroscopy are: 


1. An effective sensitive area 3/32” in 
diameter. 


2. Sensitivity of 6 x 10-11 watts RMSENI 
when used with “chopped beam” method 
and with recording time constant of 1.6 
second. 


3. Uniform sensitivity from the ultra-violet 
through the visible and the entire infra- 
red, and up to the micro-wave region. 


Write for EPLAB Bulletin No. 10 
THE EPPLEY LABORATORY, INC. 


Scientific iiaaitits 


U.S.A. 


NEWPORT + RHODE ISLAND ° 
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iron is magnetized. Therefore, a magnetic force is 

to move them around. Some power is dissipated in ¢ 

the magnetism of the iron. Losses of this sort, which gy 
called hysteresis losses, are a type of “magnetic friction” 
and, like mechanical friction, produce heat, Hys 
losses are minimized by using soft iron with a high silicon 
content. 

As iron is a conductor, circulating currents are induced 
in the iron core by the varying magnetic field. These cur. 
rents, called eddy currents, represent a waste of Newer 
because they ‘flow through the resistance of the iron and 
cause heating. Eddy currents are minimized either by di- 
viding the iron into thin sheets, called laminations, which 
are insulated from each other, or by using powdered-iron 
cores. Laminations are used at low frequencies, such as 60 
cycles per second; powdered-iron cores are used at fre. 
quencies up to 100 megacycles per second. 

Eddy-current and hysteresis losses in iron increase rap- 
idly as the frequency of the current is increased. Thus, 


do not easily change their positions, as is required | 








Fig. 2-23. Types of cores. 


laminated iron cores can be used only up to about 15,000 
cycles per second. At radio frequencies the magnetic field 
collapses and expands so rapidly that losses due to hy- 
steresis and eddy currents are excessive. For this reason | 
r-f. transformers have air cores or powdered-iron cores, 
Audio and power transformers use soft-iron cores because 
the core permits the transfer of energy from the primary 
to the secondary with high efficiency. 

Transformer impedance.—The term “impedance” (Z) 
is used to describe the total opposition of a circuit element 
to flow of current—including both resistive and reactive 
opposition. Power equals /*Z or E2/Z. 

If Zp is the impedance of the primary of a transformer, 
and if Z, is the impedance of the secondary, then the power 
in the primary of a transformer is E?,,/Z,; and the power 
in the secondary is E?,/Z,. As the two powers are equal: 

E2,,/Zp = E2,./Z, 





or 

Ep/Eg = (Zp/Z,) * 
But 

Ep/E, = Np/Ng 
Therefore: 

Nyp/Ng = (Zp/Zg) * 


or 
eras Zp/Z. = (Np/Ng)? 

This is important in that it shows that a transformer 
can provide any desired secondary impedance by choice of 
turns ratio. For this reason transformers are used com- 
monly to couple two circuits of different impedances. 

Transformer types.—There are three general types of 
transformers.—power, audio frequency, and radio fre 
quency. Power transformers are designed to operate at a 
fixed frequency—the frequency of the power source, usually 
60 cps. Audio-frequency (a-f.) transformers are designed 
to operate over the audio frequencies to which the ear is 
sensitive—from about 50 to 15,000 cps. High quality af. 
transformers have uniform response over the entire a. 
band of frequencies. Radio frequency (r-f.) transformers 
are designed to operate at frequencies above audio fre- 
quencies. R-f. transformers usually have air or powdered- 
iron cores, whereas power and a-f. transformers have soft 
iron cores. 

Cores are made in various ways, as shown in Fig. 2-2. 
Note that the core provides the flux with a closed path of 
low reluctance. 

The recent development of new core materials makes 
possible many uses of transformers in instrument circuits 
by extending the frequency response and simultane 
decreasing the size of the transformer. Instrument tran 
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BRS FOR CONSTANT DEPENDABILITY 
sauhbiaigle Vustall 


a precision tech- 


nician to study the 20,0, 
wear of contacts on 5 all 5 O03 
a telephone switch. scams”, 


People work better when they ie DIALS qnd 


<<|| SEE BETTER RECORDERS 


at fre. is 

Magni-Focuser speeds 
@ rap. ae 
Thus | precision work 


Magni-Focuser — the binocular magnifier — makes it 
easy to work on or inspect the finest instruments. Gives 

> the sharp, third-dimension magnification needed for 
small parts, reading blueprints, etc. 


Leaves both hands free to work 

A real boon to production—proved in leading labora- 
‘tories. Restores the usefulness of the skilled hands of 
older workers whose vision may need a seeing aid. 
Matched prismatic lenses assure optical accuracy. Nor- 
mal vision may be resumed by slightly lifting head. Can 
be worn with or without eyeglasses. 

Order Magni-Focuser now for a 10-day trial. Return if 
not satisfied. $10.50. Send for folder. 


EDROY PRODUCTS CO. 
Dept. N, 480 Lexington Ave., New York 17 
Cable Address: "SEE BETTER" . 


TRU-VAC GAUGES and 
VACUUM INDICATORS 


Model 6 


FOUR GENERATIONS have depended upon the 
accuracy of Moeller instruments. 

FOUR GENERATIONS have relied upon the un- 
failing precision of all Moeller products. 

Eighty years of such confidence in proven per- 
formance establishes the name Moeller as a guar- 
antee of perfection in the engineering and manu- 
facture of temperature indicating and recording 


instruments. 


Operates from 6 volt D.C. supply. Dual range 0- “ s ; 

microns and £00-3000 microns. Sah Srequanes shield a Send for catalogs and literature on 

vides protection against high frequency coll use. Used by INDUSTRIAL, LABORATORY 

leading manufacturers everywhere. AND RECORDING THERMOMETERS 
THERMOSTATS ¢ HYGROMETERS 


Tru-Vac Gauges are also available in Model 12 which o Y 

per- HYDROMETE! 
ates from a 3 volt D.C. supply, single range 0-500 microns, AND MARINE Sreciaunies 
and Model 18 Vacuum Indicator operates from 110 to 120 


volt line, single range .25 to 250 microns. Write for full 
particulars, M ) p [ [ a R 
CONTINENTAL ELECTRIC C0. BE cone sical HILL 18,N.Y 


Geneva, Illinois Representatives in Principal Cities 
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GAS 
ANALYZER CELL 


Sealed in Glass For: 

@ CONSTANT ACCURACY 
@ LONGER LIFE 

@ TROUBLE-FREE SERVICE 


In a VECO cell all sensitive elements are sealed in 
glass— protected from clogging residues—safe with 
explosive gases, unaffected by corrosive gases. 
VECO gives researchers a higher efficiency with 
its dependable trouble-free service and constant 

: » calibration. Write for details. 






| @ END THIS! 

_ This enlarged photo shows carbon and 
oil impurities clogged in old-style un- 
protected filament after chemical or 
exhaust gas analysis. Result is changed 
resistance, inaccurate readings, after 
short use. 
tanv,acturers of Thermally Sensitive Resistors" 


Victor 


744 Broad $t. Newark, New Jersey 
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CORPORATION 


VECO CELLS 


ELECTRONIC AND THERMAL CONTROL INSTRUMENTS © ACTUATORS © GAS CELLS 
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ELEMENTARY 
ENGINEERING 
ELECTRONICS 


With Special Reference to Measurement and Control 
By ANDREW W. KRAMER 


Plant Engineering, Member 


Associate 


Managing Editor Power 
American Institute of Electrical 


Member Institute of Radio Engineers. 


Engineers, 


Cloth, 344 pages, 259 illustrations, 
$2 postpaid 
This is a PRACTICAL treatment of principles and appli- 
cations. It is NON-MATHEMATICAL—no equations be- 
yond elementary-algebra level in the text—fewer than a 
dozen of these to be learned. 
Acquire a better knowledge of 
electronics without trying 
to be a radio engineer. 


ORDER THIS UNIQUE BOOK NOW 


Check, money order or cash must 
accompany order 


INSTRUMENTS PUBLISHING CO. 
921 Ridge Ave. Pittsburgh 12, Penna. 
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formers sometimes are designed to operate at low gj 
level and, therefore, they must be well shielded fo. 
pickup caused by stray magnetic fields, particularly a > 
fields. This shielding usually is done by use of concenty; 
— shields bd high-permeability nickel alloy ene 
ransformers often are sealed hermetic AOE 
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UsEs OF INDUCTORS 


Inductors are used in five basic ways—as frequen 
responsive elements, as voltage-changing and Pad 
changing devices, as coupling devices, as an element ys 
resonant circuit, and as saturable reactors. The use as A 
frequency-sensitive element arises from the fact that the 
reactance of an inductor increases with frequency, Thus, 
an inductor in series with the signal can pass direct a 
rent or low-frequency alternating current and block high. | 


| 














Fig. 2-24. Saturable reactor. 


frequency alternating current. Note that this action is op- 
posite to that of the capacitor, which passes alternating 
current and blocks direct current. 

Inductors are used in transformers to change the voltage 
level or the impedance level of a signal, as has been de- 
scribed. Special transformers, called instrument transform- 
ers are available for use with both a-c. ammeters and a-c, 
voltmeters for changing the scale range of the instruments. 
A potential transformer is used with a voltmeter; a current 
transformer is used with an ammeter. 

Either the autotransformer or the conventional trans- 
former can be used to couple a signal from one circuit to 
another. This is a common use for inductors, particularly 
when the impedances of the two circuits differ. 

Inductors are used commonly in conjunction with ca- 
pacitors to form resonant circuits, as will be explained later. 

Saturable reactor._Special reactors are made which use 
the saturable feature of a magnetic core. The counter 
emf:, and hence the reactance, of an inductor depends on 
a change of flux. When the core is saturated the flux does 
not change when the current through the inductor changes. 
Therefore, no counter emf. accompanies the current change, 
and the reactance of the inductor with a saturated core 
falls to zero. 

In magnetic amplifiers, the core saturation is controlled 
by a small direct current in one winding on the core (Fig. 
2-24). A secondary winding on the same core can pass 
large or small alternating currents, depending on its 
reactance. Thus a small current in one winding of the 
reactor controls a much larger current in another winding. 
This makes the saturable reactor a “magnetic amplifier.’ 
Such amplifiers use a core material of high permeability, 
which saturates easily. 

A saturable core is used also in constant-voltage trans 
formers. The core is saturated moderately so that the 
output voltage of the transformer remains constant over 
a, given range of applied voltage. 





Test Items on Part 2,—Inductance, on page 1088. Answers to Quiz 
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II, Part 1,—Resistors and Capacitors, on page 1090. 
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Wanted 
ENGINEERS and SCIENTISTS 


Unusual opportunities for outstanding and 


experienced men. 

These top positions involve preliminary and production 
design in advanced military aircraft and special weapons, in- 
cluding guied missiles. 

Immediate positions include: 
Electronic project engineers 
Electronic instrumentation engineers 
Radar engineers 
Flight test engineers 
Stress engineers 
Aero- and thermodynamicists 
Servo-mechanists ; 
Power plant installation designers 
Structural designers 
Electro-mechanical designers 
Electrical installation designers 


Excellent location in Southern California. Gener- 
ous allowance for travel expenses. 

Write today for complete information on these 
essential, long-term positions. Please include resume 
of your experience & training. Address inquiry to 
Director of Engineering, 


NORTHROP AIRCRAFT, Inc. 
1017 E. Broadway 
Hawthorne (Los Angeles County) Cal. 
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STATHAM DYNAMICALLY 
BALANCED PRESSURE 
TRANSDUCER—MODEL P69 






The Model P6¥ pressure transducer is designed for long 
life and excellent performance under conditions of vibration 
and acceleration such as are encountered in flight test and 
guided missile applications. This dynamically balanced, tem- 
perature compensated transd is offered for the measure- 
ment of gage, differential, or absolute pressure. The full 
bridge of the transducer will operate successfully with a wide 
variety of controlling, indicating, recording, and telemetering 
circuits, 





Please Request Bulletin No. 3.3 


We invite correspondence with our 
engineering staff when you are con- 
sidering instrumentation for the meas- 
urement of acceleration, pressure, 
force or displacement. 







LABORATORIES 


SCIENTIFIC INSTRUMENTS 


12401 West Olympic Blvd. Los Angeles 64, California 








Precise 


TE 


MPERATURE 


MEASUREMENTS 





... with the Rubicon 
MUELLER BRIDGE 


A highly accurate and specialized form of the Wheatstone 
bridge designed expressly for precise resistance thermometry 
with three- or four-lead thermometers and for the measure- 
ment of other similar resistors within its range. 


Wide range: 0 to 71.1110 ohms in increments of 0.0001 ohm 
Unity ratio with provision for convenient checking and 
precise adjustment of ratio arms 

Built-in mercury commutator for lead resistance com- 
pensation 

Sub-panel switch construction 

Built-in plug and block assembly for conveniently checking 
ratio, bridge zero and thermometer resistance with no 
disturbance of external bridge connections 


Described in Bulletin 100 





- «» with the Rubicon 


e PORTABLE PRECISION POTENTIOMETER 


A two-dial instrument of exceptional accuracy and sensitivity. 


High-sensitivity, sturdy, built-in Pointerlite galvanometer— 
permits balancing to within 2 microvolts in low resistance 
circuits 

Completely self-contained assembly—no external acces- 
sories except the thermocouple circuit 

Two ranges —0 to 16.1 and 0 to 161 millivolts—readable 
to within 2 and 20 microvolts respectively 


Sturdy, compact construction for long dependable service 
Described in Bulletin 270 


RUBICON COMPANY 


3755 Ridge Avenue ° Philadelphia 32, Pa. 


Electrical Instrument Makers 
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WEW FEATURES—WEW ADVANTAGES 


BALDWIN TYPE ‘‘L’’ INDICATOR 


FOR EXPERIMENTAL 
4 STRESS. ANALYSIS 


PRODUCT 


IN 
DESIGN « 


RESEARCH « TESTING 





Designed for use with SR-4® gages: gage factors of 1.77 
to 2.20. Battery-operated; converter available. Ask for 


Bulletin 312. 


@ INCREASED CONVENIENCE. Each step increased to 20,000 


. microinches/in. 


© GREATER BALANCING RANGE. Range Extender doubled to 


20,000 microinches. 


© ADDED ADAPTABILITY. Binding post connections for 


external bridge. 


© INCREASED VERSATILITY. Oscillator jack for special problems. 


Lo 


BALDWIN-LIMA-HAMILTON CORPORATION 
PHILADELPHIA 42, PA. 


Offices: Chicago, Cleveland, Houston, New York, Philadel- 
phia, Pittsburgh, San Francisco, St. Louis, Washington. 


+) 
BALDWIN-LIMA-HAMILTON 





Reversible BARCOL Motor 


Drives Voltage Regulator 





Three-Wire Reversible 
Barcol Geared Motor 
drives tap changer in 
Allis-Chalmers JFR volt- 
age regulator. Motor is 
designed to operate com- 
pletely immersed in 
transformer oil over wide 
temperature range and 
under rapidly varying 
loads. 





Other Applications for Barcol Low- 
Inertia FAST-REVERSING Motors: 
e SERVO MECHANISMS 

e TELEVISION TUNERS 

e RADIO TUNERS 

e ANTENNA ROTATORS 
e RECORDER PEN DRIVES 
e X-RAY CONTROLS 

e pH CONTROLLERS 

e SHIPS' LOGS 

e AIRCRAFT TRAINERS 
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BARBER-COLMAN COMPANY e@ ROCKFORD, ILLINOIS 


eae ae 
OTHER REVERSIBLE SHADED 
POLE MOTORS: 

With and without Gear 
Reductions. 

Enclosed and Open. 
Adaptable to 2-Phase 
power supply, capacitor 
operation and electronic 
control. 


Other Barcol Motors: Unidirectional, Synchronous, and 
Asynchronous; Geared and Non-Geared. Write for data. 












TEST ITEMS FOR—II. CIRCUIT ELEMENTS 
Part 2.—Inductance 


2-27. Inductance is associated 
with a 

(a) stationary electric field 

(b) stationary magnetic field 

(c) changing electric field 

(d) changing magnetic field 

2-28. A magnetic field is rep- 
resented by 

(a) voltage vectors 

(b) current lines 

(c) flux lines 

(d) rotating vectors 

2-29. The opposition offered 
by any material to the develop- 
ment of a magnetic field within 
that material is called 

(a) resistance 

(b) reluctance 

(c) permeability 

(d) hysteresis 

2-30. A low reluctance is 
equivalent to a high ' 

(a) resistance 

(b) capacitance 

(c) permeability 

(d) hysteresis 

2-31. A high magnetic field 
can be produced easily in a ma- 
terial with 

(a) low resistance 

(b) high resistance 

(c) high reluctance 

(d) high permeability 

2-32. As the current in a coil 
with a magnetic core is_ in- 
creased, the magnetic field around 
the coil increases 

(a) without limit 

(b) until the core is saturated 

(c) until the core is magne- 

tized 
(d) until the current rating of 
the core is reached 

2-33. The permeability of air 
is about 

(a) 1 

(b) 100 

(ec) 1000 

(d) 10,000 

2-34. The permeability of Per- 
malloy is about 

(a) 100 

(b) 6000 

(c) 80,000 

(d) 413,000 

2-35. Hysteresis is caused by 

(a) residual magnetism 

(b) permanent magnetism 

(c) core saturation 

(d) inductance 


2-36. The unit of inductance 
is the 

(a) farad 

(b) ohm 

(c) henry 

(d) reactance 

2-37. Inductance is defined in 
terms of the counter emf. caused 
by a given 

(a) current 

(b) voltage 

(c) rate of change of current 

(d) rate of change of voltage 


2-38. Coil A has the same 
number of turns, the same cross- 
sectional area, and the same core 
as coil B. However, coil A is 
twice as long as coi! B. The in- 
ductance of coil A is 

(a) twice that of B 

(b )the same as B 

(c) % that of B 

(c) % that of B 

2-39. Which of the following 
phase relations between the cur- 
rent through and the voltage 
across a pure inductor is true? 

(a) current leads voltage by 

90 degrees 
s (b) current leads voltage by 
180 degrees 

(c) voltage leads current by 

90 degrees 





(d) voltage leads current by 
180 degrees 
2-40. An inductor differs from 
a capacitor in that it hag 
(a) no reactance 
(b) no power loss 
(c) a reactance which de. 
creases with frequen 
(d) different phase relations 
2-41. A transformer with 199. 
percent efficiency has a coeffici- 
ent of coupling of 
(a) 100 
(b) 10 
(e) 1 
(d) 0.01 
2-42. A variometer is an jn- 
strument which provides a vari- 
able inductance by changing the 
(a) permeability of the core 
of a coil 
(b) number of turns of one 
coil 
(c) turns of two coils 
(d) coefficient of coupling ot 
two coils 
2-43. When a fixed voltage is 
applied across the primary of a | 
transformer, the current in the 
primary depends primarily on 
the ] 
(a) voltage across the pri- 
mary 
(b) voltage across the sec- 
ondary 
(c) current in the secondary 
(d) turns ratio 
2-44. When a fixed voltage is 
applied across the primary of a 
transformer, the voltage across 
the secondary depends on 
(a) the turns ratio only 
(b) the number of primary 
turns only 
(c) the number of secondary 
turns only 
(d) the secondary current 
only 
2-45. An autotransformer dif- 
fers from a conventional trans- 
former in having 
(a) no primary 
(b) no secondary 
(c) only one coil 
(d) an iron core 
2-46. Use of large-size wire in 
the windings of a transformer 
minimizes 
(a) copper loss 
(b) hysteresis loss 
(c) eddy-current loss 
(d) all the above 
2-47. An advantage of soft- 
iron core is the 
(a) high efficiency of trans- 
former action 
(b) low eddy currents at high 
frequencies 
(c) low hysteresis at high 
frequencies 
(d) all the above 
2-48. An advantage of a pow- 
dered-iron core over a soft-iron 
laminated core is 
(a) higher efficiency at low 
frequencies 
(b) reduced losses at high 
frequencies 
(c) higher reluctance 
(d) greater hysteresis effect 
2-49. Eddy currents in 4 
transformer occur primarily in 
the 
(a) primary 
(b) secondary 
(c) core 
(d) magnetic field 
2-50. A step-up transformer 
has a turns ratio of 10 to 1 and 
a primary impedance of 1000 
ohms. The secondary impedance 
is 
(a) 1,000,000 ohms 
(b) 100,000 ohms 
(ec) 1000 ohms 
(d) 10 ohms 
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“"T Rochester DIAL THERMOMETERS | 
vas * Large, easy to read dials | o— 
aie ® Fast and accurate | 
sia * Rugged, sturdy construction | 
e pri-f} ~ © Corrosion-resistant stainless steel | 
Aa ¢ 35 years manufacturing experience | INSTRUMENTATION 
Send for Catalog No. IT-650, Rochester Manufacturing Co., 
ondary Inc., 85 Rockwood St., Rochester 10, N. Y. 
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tuning DIAL THERMOMETERS GAUGES meres ARE NEEDED AT ONCE 
ndary 
rrent 
ar dif. 
trans- 
ire in : LIQUIDS WORTH 
ormer 
S7TORIVG ARE for Aircraft and Guided Missile Flight 
Y) Test and Performance Program. 
OY MEAS ypyy 
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oe LABORATORIES WRITE FOR COMPLETE DETAILS Mr. H. T. Brooks, Engineering Department 
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36-27 SKILLMAN AVE., LONG ISLAND CITYIN.Y San Diego 12, California 
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MARSHALLTOWN 


LOW PRESSURE 
DIAPHRAGM 


GAUGE 








Available 
dials (reading in inches 
of water) 0-15''—0-30" 
—0-60''—0-100''—0-160" 

also 
graduated dials from 
15 ounces to 5 pounds. 


in standard 


Marshalltown Figure 83 is an ex- 
tremely sensitive gauge that uses 
a carefully seasoned bronze dia- 
phragm to accurately measure 
very low pressures. It is used ex- 
tensively on many types of natural 
gas installations for checking the 
low pressures. 
Write for details and price. 

LOOK TO MARSHALLTOWN FOR 
ONE OF THE MOST COMPLETE 


LINES OF INDICATING PRESSURE 
GAUGES MADE! 


MARSHALLTOWN MANUFACTURING CO. 
MARSHALLTOWN, IOWA 


in ounce 


242", 3Y2"' and 4//." 
dial sizes mounted in 
black enameled deep 
steel case. 




















Time Delay 


Relay 


f CONTROL, we have 
eM Ale l-Miaelile| Me) timing 
s for a areat variety of 
halciaa lol MelaleMETalelthtiatel| 

and will welcome 
tunity to recommend 
vipment best suited 
specific 


requirement 


lete informc ral 
piet bare) 


, tHE R. W. CRAMER CQ.) inc 


“—<e BOX 5,\ CENTERBROOK, CONN. aaa 





SCR.i 
Page 1090—Instruments—Vol. 24 





2-51. The reactance of an in- (c) no change in flux 


ductor : (d) no eddy currents 
(a) increase linearly with fre- 2-54. The reactance of 
. p a 
quency P > with a saturated core ig ” 
(b) decreases linearly with (a) 2eFL 
frequency (b) (22FL)2 
(c) is independent of fre- (ce) zero 
quency (d) maximum 
(d) decreases as the square of 2-55. I : 
icuuaneu d ens 5 m $ a amplifier, 
‘ current controls a lar, 
2-52. Transformers used to current by controlling the ss 
change the range of a-c. voltmet- (a) saturation of a core 
ers and ammeters are called (b) turns ratio of transformer 
(a) autotransformers (c) mutual coupling of a 
(b) coupling transformers transformer 
(c) range changers (d) electron flow through a 


(d) instrument transformers core 
2-53. A core of a coil is said 
to be saturated when an increase 


in current through the coil 


2-56. The core of a Magnetic 
amplifier should 
(a) have high reluctance 





causes (b) have high permeability 
(a) a large change in flux (c) be difficult to saturate 
(b) large eddy currents (d) have large hysteresis effect 
a 
ANSWERS TO QUIZ II (Part 1) 
2-1. (b) 2-7. (c) 2-12. (a) 2-17. (a) 2-22. (a) 
2-2. (d) 2-8. (d) 2-13. (d) 2-18. (d) 2-23. (b) 
2-3. (a) 2-9. (c) 2-14. (b) 2-19. (¢) 2-24. (a) 
2-4. (c) 2-10. (c) 2-15. (a) 2-20. (b) 2-25. (d) 
2-5. (a) 2-11. (b) 2-16. (d) 2-21. (b) 2-26. (c) 
2-6. (a) 


————_——_] 


PRESS BRAKE RAM MOTION CONTROL 


Continued from page 1053 





by an amplidyne generator, which is controlled by the photo- 
electric system. Any tilt of the ram raises or lowers a bar- 
rier suspended between the photocell and the light source. 
Movement of this barrier as much as a thousandth of an 
inch results in automatic correction through altered speed 
and direction of the oil flow from the transfer pump. Vertical 
micrometer adjustment of the control unit permits the ram 
to be operated at a selected degree of tilt when required. 
According to Verson engineers, the electronic ram control 
is more efficient, more sensitive and easier to operate than 
the mechanical tie or valve-and-limit-switch methods. 


General Electric equipment on the new machine includes 
a 100-hp. a-c. induction motor to drive the main pumps, a 
3-hp. d-c. motor, powered by a 3-kw. amplidyne generator, 
to drive the transfer pump; a magnetic control system to 
start the drives and actuate the valves, and a photoelectric 
control system for the amplidyne drive. 


Instrumentation Film 


ROCHESTER, N. Y.—Under the appropriate title, “In- 
formation At Work,” the Taylor Instrument Companies 
has released a narrated 30-minute 16-mm. colored moving 
picture depicting in fast-flowing, comprehensible style the 
growth and significance of instrumentation. 

Aimed primarily at audiences composed of people whose 
understanding of industrial instrument application would be 
enhanced by a sweeping view of the whole field, the film 
achieves a nice balance between education and entertain- 
ment. For professional instrument men and undergraduates 
of technical and engineering schools, there are sequences 
demonstrating control effects, instrument manufacture and 
instrument application. Instrument men operating in one 
industry can see in this film how instruments are applied 
to other industries. For science classes in high schools or 
colleges, there are scenes relating products such as food, 
film, plastics, petroleum and chemicals to controlled proc- 
essing techniques. For the diversified audience, the in- 
tricate steps in the manufacture of a mercury-in-glass 
thermometer are shown. The film is keyed so that any 
audience will carry away with it a keener appreciation of 
the extent to which instruments play a major role in the 
welfare of mankind. : 

Script for the film was written by Oeveste Granductl 
of Washington, D.C. The producer is McLarty Picture 
Productions of Buffalo, N. Y. Requests for loan by tech 
nical societies, instrument engineers, science classes, civie 
clubs, etc., should be made to: Taylor Instrument Com- 
panies, Public Relations Dept., 95 Ames St., Rochester, N. Y. 
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CUT COSTS on 


M@ISTURE 
C@NTROL 


KEMP DYNAMIC DRYERS DRY 
INSTRUMENT AIR TO LOW DEW 
POINTS FOR AS LITTLE AS 4c PER MCF. 


Kemp Dryers save industry thousands of dollars a 
year—because they protect costly instruments from 
damage due to moisture in the air or air source. 
Operation is guaranteed to your specifications, and 
standard models are available for any instrument 
air drying operation—whether it’s large or small. 
Send For Information. Kemp has a Dynamic Dryer 
‘designed for every application. Find out how Kemp 
can solve your problem. Write today —no obligation. 


REMP DYNAMIC DRYERS 


Write for Bulletin D-27 for tech- 
OF BALTIMORE 





nical information. C. M. KEMP 
Mrc. Company, 405 E. Oliver 
Street, Baltimore 2, Maryland. 


CARBURETORS @ BURNERS @ FIRE CHECKS @© ATMOSPHERE 


GENERATORS @ ADSORPTIVE DRYERS @ METAL MELTING UNITS 


SINGEING EQUIPMENT @ SPECIAL EQUIPMENT 
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Just 
Roll It Up 
and Tuck It 
Away 
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No more cumbersome 2’, 3’, or 4’ 
manometers to cart around. This new flexible 
Dwyer Manometer will fit into your pocket or 
the corner of your service kit. This revolu- 
tionary instrument is fabricated of tough, vinyl 
plastic that will serve for years. The plastic 
scale is firmly supported between the tubes. 
Standard ranges from 8 in. to 6 ft. of water 
or mercury. It is highly accurate, easy to read 
and convenient. Nothing like it for field work. 
Write for complete information. 


ee 






305 South Western Ave., Chicago 12, Ill. 














—specified by 
LEADING UNIVERSITIES 


EVER-TITE 


THERMAL 
CONDUCTIVITY 
UNITS 


—for accurate low cost 
GAS ANALYSIS 


Gow-Mac cells are sensitive, compact and rugged 
and require no special instruments. Excellent results 
are obtained with standard laboratory or instrument 
department accessories. They have proven reliable in 
actual use in countless applications in industry, re- 
search and college laboratory. The new brochure de- 
scribes them in detail. Write for your copy, today! 
USED FOR RESEARCH IN THESE 
UNIVERSITIES AND COLLEGES: 


BROWN DENVER MASS INST. DAME 
BUCKNELL EMORY TECHNOL. PRINCETON 
CITY COL- IOWA MICHIGAN ROCHESTER 
LEGE (N.Y.) LEHIGH NEW TENNESSEE 
CALIFORNIA JprpERso MEXICO UNION 
COLORADO N NORTH WABASH 
COLUMBIA MEDICAL CAROLINA WASHING- 
DELAWARE JOHNS STATE TON 
DUKE HOPKINS NOTRE YALE 


22 LAWRENCE ST., NEWARK 5, NEW JERSEY 











1952 ALLIED 


212 PAGE 


CATALOG 


world's largest stocks of 


ELECTRONIC SUPPLIES 
FOR INDUSTRY 






wee 





COMPLETE EXPERT 
INDUSTRIAL SERVICE 


Send today for ALLIED’s complete, up-to-date 1952 
Buying Guide to everything in electronics for indus- 
trial application. Rely on ALLIED for the world’s 
largest stocks of special tubes, parts, test instru- 
ments, tools, amplifiers, intercom and paging sys- 
tems—complete quality lines of electronic supplies. 
ALLIED’S expert Industrial Division saves you time, 
effort and money. Send today for your FREE copy 
of the 1952 ALLIED Catalog. 


EVERYTHING IN ELECTRONICS FROM ONE RELIABLE SOURCE 





ALLIED RADIO CORP., Dept. 50-J-1 
833 W. Jackson Bivd., Chicago 7, Illinois 


© Send FREE, 1952 ALLIED Catalog. 





. 
ALLIED Ff 
RADIO 
| 
| 
| 
| 


Name 





Send for FREE 
Address 





CATALOG 
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AUTOMATIC 
RESPONSE 
TO VARIABLE 


pH 


AUTOMATIC 
RESPONSE 
TO VARIABLE 


FLOW 


METERED PUMPING 


AUTOMATIC 
RESPONSE 
TO VARIABLE 


AUTOMATIC 
RESPONSE 
TO VARIABLE 


NCR fel V- Wile 
RESPONSE 
TO VARIABLE 


pREssURE 





tn llelomitle 
TO VARIABLE PROCESS DEMAND 


The Lapp Pulsafeeder is applicable to all pneumatic or electro-pneumatic 
pp PI Pp p 


instrumentation. Operates at constant pumping speed—variable flow results 


from variation only in piston stroke length, controlled by the pneumatic 
cylinder. It is a positive displacement pump, which operates without stuffing 
box or running seal. Its hydraulically-balanced diaphragm acts as a floating 


partition which isolates chemical being pumped from pump parts—to pro- 
tect against contamination of product or equipment. Entire mechanism is 


inherently explosion-proof. 


WRITE for complete description and specifications. Lapp Insulator Co., 
Inc., Process Equipment Division, 475 Maple St., LeRoy, N. Y. 


La) 019 ast 


PULSAFEEDER 


PISTON-DIAPHRAGM CHEMICAL PROPORTIONING PUMP 
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EUROPE'S INDUSTRIAL 
AND INSTRUMENT FAIRS 


Continued from page 1046 


Men interested in instruments and 
measuring devices did not have enough 
time to see all the instrument exhibits 
in ten days; if they had to spend only 
one or two days, the trip was not worth- 
while. Thus the present arrangement 
was not profitable for the instrument 
exhibitors. Further, if all the instru- 
ment exhibitors had been located in a 
single building, the genera] public 
would not have visited this building in 
large numbers. This would have con- 
served the time of the exhibitors’ per. 
sonnel. 


Last year your publisher urged in. | 


strument manufacturers to be careful 
not to permit construction drawings 
and other data to fall into Russian 
hands. 





In this regard the Russians | 


seem to have learned a new trick—to © 
purchase an interest in European in- | 


strument companies. This is a most 
effective method to obtain such infor- 
mation or to sabotage the specific plant 


or company. Any indication of similar © 


happenings in the United States should 3 stabilized 


be reported immediately to the proper 
authorities. 

The application of instruments in 
Britain lags behind the United States 
because the English are not sold in- 


struments—“they buy them.” An opin- | 


ion prevalent abroad is that the Ameri- 
can instrument salesmen sells the user 
more instruments than the user has 
need for. 

Many buyers select instruments of 
several manufacturers for the same 
job. This is to prevent the “top brass” 
in his company from accusing him of 
partiality. Such a practice makes for 
the purchase of more instruments than 
are needed. There also is a practice 
among large European instrument 
users to tear down manufacturers’ new 
models, which they cannot reassemble 
properly, thus making for improper 
operation. 

The European user-industry execu- 
tives do not have proper appreciation 
for their instrument engineers. These 
executives should be educated to rec- 
ognize the value of the attendance of 
their engineers at the meetings de- 
voted to instrumentation subjects and 
exhibits. At present, English execu- 
tives are of the opinion that one-day 
attendance of their engineers is suf- 
ficient to see the products of 148 ex- 
hibitors using 42,000 square feet of 
exhibit space. 


CREO OTR SAAS A RTL OTST 


CORRECTION 


On page 768 of the July Issue of 
Instruments, a line was omitted in the 
article by J. W. Percy. This line read: 
“Similarly, the error in the blow-tube 
type pyrometer is probably not more 
than + 12 F.” The line should have 
appeared immediately after “+ 7 F’’ 
in the 7th line under accuracy. 
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SKROTAMETERS HELP PROVIDE CLOSE 
CONTROL IN VITAMIN A PROCESSING 


(Photos and Story By Courtesy of Chas. Pfizer and Co., Inc.) 





Slans © 
$0 + On March 19, 1951, Chas. Pfizer 
fen, | & €0., Inc., 102-year-old Brooklyn 
plant, chemical firm, announced that 
se ) stabilized crystalline Vitamin A 

Acetate was being produced by 


‘oper | 
s in |) synthesis on a commercial scale for 


ates | the first time in history. 


| in- @ 

Pi | Production of Vitamin A is 
user § being accomplished at the com- 
"a pany’s new two-million-dollar 
sof F plant in Groton, Conn. which, 


ame ° : 
ss” | When operating. at full capacity, 


ps § will be able to produce 50% of 
han § the U.S. need for this vitamin. 
tice | 
ent | 
ew 
ible 

per 





SK Rotameters can be 
mounted on panels or 
not, as desired. The Ro- 
tameters shown are only 
of § a few of the many in- 
he stalled in the Groton, 
d; — Conn, plant of Chas, 
be f Pfizer & Co., Inc., where 
a they are used to help 
Provide close control 
» — OVer critical processing 
; Operations, 














In this new plant, a large num- 
ber of SK Universal Rotameters, ac- 
curate fluid rate-of-flow measuring 
instruments, are being used to help 
provide close control over critical 
processing operations. 


SK Rotameters offer an ideal 
solution to many flow metering 
problems. They are not compli- 
cated in design — their principal 
components include a calibrated 
glass tube, a rotor, and a sturdy 
metal frame and end fittings. The 
gas or liquid being metered passes 





‘Re. 
teow 


ROTAMETERS 

















through the Rotameter tube from 
bottom to top. The rotor moves 
up or down in the tube as the rate 
of flow increases or decreases. Rate 
of flow is determined by reading 
the location of the top of the rotor 
against the uniform, etched cali- 
bration marks on the glass tube. 
Many fluid metering problems can 
be solved with the Universal type 
shown in the photos. However, 
many other types are available for 
measuring, recording, integrating, 
or controlling fluid flow. 


For information on all types of 
SK Rotameters, request Bulletin 


. 18-RA. 





The SK ENGINEERING NEWS 
is published quarterly in magazine 
form. Recent issues have contained 
many informative articles relating 
to fluid flow measurement and 
control. You can have your name 
added to the list of those who reg- 
ularly receive the NEWS by writ- 


ing to this company. 
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PHYSICISTS 
AND 
SENIOR RESEARCH 
ENGINEERS 


POSITIONS NOW 
OPEN 


Senior Engineers and Phys- 
icists having outstanding aca- 
demic background and ex- 
‘perience in the field of: 


Microwave Techniques 
Moving Target Indication 
Servomechanisms 
Applied Physics 
Gyroscopic Equipment 
Optical Equipment 
Computers 

Pulse Techniques 
Radar 

Fire Control 

Circuit Analysis 
Autopilot Design 
Applied Mathematics 


Electronic Subminiaturi- 
zation 

Instrument Design 
Automatic Production 
Equipment 

@ Test Equipment 

Electronic Design 


@ Flight Test Instrumenta- 
tion 


are offered excellent working 
conditions and opportunities 
for advancement in our Aero- 
physics Laboratory. Salaries 
are commensurate with abil- 
ity, experience and back- 
ground. Send information as 
to age, education, experience 
and work preference to: 


NORTH AMERICAN AVIATION, INC. 
Aerophysics Laboratory 
Box No. R-4 
12214 South Lakewood Bivd. 
Downey, Califerala 


1 
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DISCUSSION AND CLOsSypRy 





‘A Method for Correcting 


Orifice-meter 


for Flow Pulsations’ 


(By E. V. Hardway, Jr., Instruments, July 1951, pages 763-765, 774, 715.) 


———__ 


Measurements 
| 





To the Editor of Instruments: 

The article on “A Method for Cor- 
recting Orifice Meter Measurements 
for Flow Pulsations” by E. V. Hard- 
way Jr. in the July 1951 issue of Jn- 
struments is very interesting. With the 
exception of installation conditions, it 
is probable that the determination of 
errors due to pulsation has been the 
largest source of difficulty in flow meas- 
urement by inferential methods. Any 
logical method which gives promise of 
solving this problem should be given 
very close study and attention. 

However, I believe that this article 
is based upon an assumption which I 
believe does not hold for all cases and 
possibly holds for very few of them. 
That is the statement made that “The 
principal cause of pulsation error is 
the fact that the meter mechanism can- 
not follow the rapid pulsations and 
consequently indicates average differ- 
ential pressure.” 

From this I would understand that 
the difference between a pulsating flow 
and one which is merely rapidly fluc- 
tuating arises when the meter mech- 
anism is no longer able to follow the 
variations in flow. Based upon actual 
experience, and some of the previous 
investigation done in this field, I do 
not believe that this is necessarily the 
case. This reasoning does not take into 
account the resonant effect in the lead 
lines to the meter bodies, nor the fact 
that such resonant effect will change 
both with frequency and with displace- 
ment of the measuring element of the 
meter. As evidence of this I would like 
to offer the three following examples 
from my own experience: 

1. On a dead-end line, into or out 
of which there was no effective flow, 
an ordinary mercury float type differ- 
ential pressure gage showed very er- 
ratic readings, sometimes reading as 
though there were flow into the line, and 
sometimes reading as though there were 
flow out of the line, ana other times 
showing no flow either into or out of 
the line, which was correct. 

2. On a steady liquid flow from a 
reciprocating pump, the pen of a re- 
cording pressure differential gage would 
start at the zero circle and slowly rise 
to the outside edge of the chart over a 
period of about fifteen minutes. It 
would stay at the outside edge of the 
chart for approximately five minutes 
and then drop rapidly to the center, 





where it would stay for another two 
or three minutes, and then start up 
again. The chart was a perfect “sun- 
flower” type. This was on a charge 
pump to a pipe still, and it was known 
from the operation of the still that the 
flow was perfectly steady. In this case 
this was corrected by changing the 
length of one of the lead lines, after 
which the meter showed the true flow 
as checked by feedtank measurements, 

3. On another installation on the | 
feed to a pipe still, the flow was con. 
trolled by a tiow controller maintaining 
a constant differential pressure across 
an orifice in the discharge of a recipro- 
cating pump. The outlet temperature | 
from the pipe still showed that the flow i 
was changing in a small amount ina | 
cycle of a period of approximately five 
minutes. The differential pressure ree. 
ord on the chart was perfectly steady, 
but after some period of observation, 
it was noticed audibly that the pump 
was changing speed in a cycle that 
corresponded to the temperature cycle 
from the pipe still outlet. Upon put 
ting the controller on remote hand | 
control the pump ran steadily, and a 
cycle appeared on the chart which cor- 





responded in period to the former 
temperature cycle, and was of a mag- | 
nitude of about 3 percent of the flow. | 
This was corrected by opening a by- | 
pass between the pump discharge and | 
suction, which caused the pump to 
have to run faster in order to maintain 
the same rate of flow to the still. Doing 
this broke up the resonance, and both 
the flow record and the temperature 
record became constant. In this case, 
maintaining a constant differential 
pressure produced an actually varying 
flow. 

The article does not cite any refer- 
ences to installations where this method 
has been applied successfully, and it 
would be very interesting to know that 
the theories were backed up by actual 
experimentation and practical exper! 
ence. Many suggestions have been made 
concerning this problem, and rather 
large amounts of money have been 
spent in an attempt to cure it. If the 
method suggested is practical, then the 
proofs of that should be given in the 
form of citations of actual successful 
installations. 

J. B. MCMAHON, 
RePuBLIc FLow METERS C0. 
Chicago, Aug. 6, 1951 
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To the Editor of Instruments: 

Mr. McMahon’s comments are very 
much appreciated. It is believed, how- 
ver, that he may have overlooked 
parce important points brought out 
in the article. First of all the method, 
as stated, is limited to moderately 
pulsating conditions where flow re- 
versals do not occur. The suggested 
method is intended for the quantitative 
| determination of errors less than seven 

reent and the indication of whether 
or not the pulsating conditions are 
causing errors greater than 7 percent, 
making accurate measurements im- 
possible. 

Mr. McMahon’s first example is con- 
cerned with a special and not a prac- 
tical case in which 100 percent flow 
reversals occur, and thus has no bear- 


| ing on the validity of the proposed 


method. The curves in Fig. 2 show 
how the error increases rapidly near 
the point where flow reversals oceur. 
For 100 percent reversals, even slight 
and varying asymmetries in the puls- 
ation could readily cause the erratic 
behavior described in his first example. 
His other two examples appear to be 
cases in which peculiarities in the 
installation or the meter mechanisms 
themselves played a predominant part. 
His third example is somewhat diffi- 


' quilt to understand inasmuch as he 
| states that the pump (and the flow 


rate) were subject to cyclic variations 
whereas the flow controller was un- 
affected. Inasmuch as the flow con- 
troller was governing the flow rate, 
it is difficult to see how this was pos- 
sible. Undoubtedly, critical resonant 
conditions were present at the pump 
output frequency. This does not how- 
ever, invalidate the method proposed 
or prove that the cyclic errors would 


| not have been properly indicated. 


In general, Mr. McMahon disagrees 











with the statement that the primary 
cause of error is the fact that the 
flow is determined from the integrated 
square-root of the average . pressure 
rather than the integrated instanta- 
neous square-root. I would like to 
point out here that the method of ap- 
proach used was based on the general 
conclusion of many prior investigations 
in this field with considerable practical 
experience in the determination of the 
causes of pulsation error. 

In a series of AGA-ASME sponsored 
tests for the purpose of correlating 
pulsometer reading, meter differential 
and meter error, approximately 500 
tests were performed on 2-, 4-, and 6- 
in, lines under a wide variety of con- 
ditions. The pulsometer curve for de- 
termining whether or not the errors 
were greater or less than 1 percent 
was thus empirically determined. This 
curve checks the theory (based on the 
assumption Mr. McMahon does not 
accept) very closely. Also, the condi- 
tions for one percent error taken 
from Fig. 3 in the article check very 
closely with the pulsometer empirical 
curve for the same conditions. This 
would either be a remarkable coinci- 
dence, or the burden of disproof would 


fall on Mr. McMahon. The above 
tests are described in Reference 1 of 
the article. 

It is well to re-emphasize here that 
what the proposed method essentially 
does is to take account of both wave- 
form and random amplitude varia- 
tions, thus making it possible to ex- 
tend the useful range of error deter- 
mination to seven percent, which is 
considered the upper limit with rela- 
tion to the severity of the pulsations. 

The problems associated with un- 
equal line volumes, discharge and en- 
trance coefficients, etc., although men- 
tioned in the next-to-last paragraph 
of the article, were not discussed at 
length because they have been dis- 
cussed elsewhere in several of the 
references. I certainly agree with Mr. 
McMahon that these causes of error 
should be kept in mind in the layout of 
any installation likely to be subject 
to pulsation errors. It also would seem 
perfectly possible that at some instal- 
lations such errors would add to the 
primary error causing the actual error 
to be somewhat greater than that in- 
dicated by the method. It is, however, 
common instrumentation practice to 
eliminate systematic errors insofar as 
possible and do all that is practically 
possible to eliminate the cause of un- 
certainties. It would not seem the best 
approach to ignore the primary cause 
of error because other lesser sources 
of error appear to be beyond our con- 
trol. Again I refer to conditions spec- 
ified in the article which are believed 
to be most common, for example on 
gas transmission lines. 

With regard to Mr. McMahon’s last 
paragraph, I wish to point out that 
no pretense was made in the article 
that a full-scale evaluation program 
has yet been conducted. Such tests, 
to be adequate, would be both elab- 
orate and expensive (Ref. 1), and 
would require the cooperation of an 
operating transmission company and 
preferably one or more of the pro- 
fessional societies. The writer would 


certainly welcome the opportunity to 


participate in such a program to es- 
tablish the validity of the method out- 
lined. 

In conclusion, it is believed that suf- 
ficient experimental and _ theoretical 
evidence exists to justify the adoption 
of the proposed method. As Mr. Mc- 
Mahon’s comments illustrate, particu- 
lar care must be employed in the lay- 
out of metering installations, partic- 
ularly where liquids are being metered, 
to minimize other sources of error pe- 
culiar to the installation or the meter 
mechanism. 

E. V. HaArpWAy, JR., 
THE BETA CORPORATION 
Richmond, Va., Aug. 20, 1951 


“2 for 1” 
Can you spare your 
January 1951 Issue 


of Instruments? 


Our stock is exhausted. We need copies for 
emergencies. If you send us your copy, we'll 
extend your subscription two months. (Notes 
—1l1. Write your name and address on the 
envelope. 2. Copy must be unmutilated.) 
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Engrg. 


and Research Programs may 
greatly abbreviated by a Philbrick 
Analog Computor of the high- 
speed all-electronic variety. 

Dollars and days in surprising 
numbers have been saved by en- 
terprising engts. who have recog- 
nised the applicability of these 
little machines to their develop- 
ment probs. 
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How do we stabilize this struc- 
ture or system? What is the 
optimum combination of these 
parameters? Why cannot this proc- 
ess be accelerated without sacri- 
fice in efficiency? — 

Questions of this sort and many 
others are answered regularly by 
analog systems assembled directly 
and conveniently from GAP/R 
Computor Components. 

High-speed operation and _ all- 
electronic construction mean fast 
oscilloscopic solutions; they mean 
economy and versatility; and they 
mean the ability to explore quan- 
titatively the inter-relation of con- 
ditions in a complex problem, and 
to come out with practical answers 
which might never have been ob- 
tained by any other means. 


Write for 
latest catalog 
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«guarp-a-sEAL” CONTROLS )») | 


of hermetically recied containers FOF Airborne—or Portable Equipment 


era ee Put jet action into your electrical control design! j 


Consult Guardian where many controls, seemingly 
“Special” in nature, can be produced from more than | 
35,000 standard Guardian parts. Consider the sensa- | 
tional “Guard-a-Seal” units—developed specifically 
for aircraft and portable equipment —sealed in alumi- | 
num. Designed to incorporate heavier frames, larger 
contacts, higher capacity, yet qualified under all AN 
weight requirements because the weight is in the 
relay — not the can! 


"AN-3320-1 D.C. AN-3324-1 D.C. “Mets Q0G OL, SenesQAC<SIS0L. Sever 686 
ALSO MINIATURE AND SUB-MINIATURE CONTROLS—WRITE 


GUARDIAN ELECTRIC 


1638-K W. WALNUT STREET CHICAGO 12, ILLINOIS 


A COMPLETE LEME OF RELAYS SERVING AMERICAN inOUSTRY 
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ign! i 
gly | 9 our Symposium last November that 
han “4 H E S E c- R E y 3 A RY S our attendance was_ primarily local 
isa- going from metropolitan Philadelphia 
al! and its immediate vicinity. If this is 
y P A G E the type of attendance that we will 
mie obtain at our Symposium in November 
ger we cannot see how it will be detri- 
AN ‘ : mental as far as the attendance for the 
the Richard Rimbach later Symposium in New York. 








HE Secretary has recently received 

, a letter from Mr. R Trenner, 
Philadelphia Section Secretary which 
is quoted below: 

“The Philadelphia Section of the 
ISA is sponsoring a Symposium on 
Boiler Instrumentation to be held on 
Thursday, November 15, 1951 at the 
Bellevue Stratford Hotel in Philadel- 
phia. We are planning to make this a 
one day conference and we are inviting 
the IIRD Group of the ASME to par- 
ticipate in this Symposium with us at 
least from the standpoint of their at- 
tendance. 

This Symposium has been in its 
planning stage for approximately the 
last five months and when we received 
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the notification from the New York 
Section of the ISA that they were 
planning a Symposium on a similar 
topic for January 1952 to be held in 
New York City, we thought that we 
had gone to far along with our plans 
of obtaining speakers and like prepara- 
tions for this Symposium for us to 
drop it and pick a new subject. We 
have explained this matter at some 
length with a letter to the Secretary 
of the New York Section and while we 
feel that the conflict in titles is regret- 
able, we do not feel that there will be 
any drastic lack of attendance at either 
of these Symposiums due to the sim- 
ilarity in subjects for these two Sym- 
posiums. We found that in conducting 


It is the suggestion of our Executive 
Committee that there be formed a 
“clearing house” at the National ISA 
in Pittsburgh for Symposium subjects 
so that upon planning a Symposium 
any section can be informed immedi- 
ately as to what the subjects for the 
Symposiums for the coming year are 
ta be, and thereby avoid any such hap- 
pening such as we have had in the way 
of similarity of subject material for 
the two Symposiums, one in Philadel- 
phia and the later one in New York. 

We would like to take this oppor- 
tunity to extend an invitation to you 
personally to attend our Symposium 
in November and hope that you will 
be able to be in our midst at that 
time.” 

Continued on page 1098 
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AKRON 
Fred Appel, 932 Ct., 
Qhio. Tel: SH 3 
Fourth Tuesday, 7 30 P. M., Akron Y.W.C.A. 


ty go 
W. E. Bostwick, 2615 Sandia Dr., 
Albuquerque, N. Mex 
First Monday, | ees moon at 8: - P.M., Science 


aaa Barberton, 


Bel Air, 


Lecture Hall, Univ. of 
ARUBA 
E. H. Pfeffer, P.O. Box 291, c/o Lago Oil 


& Transport Co., Ltd., Aruba, N.W.I. 
First Tuesday, 7: 30 P. M., Engr’s Club. 


ATLANTA 
D. M. McRae, 150 Nassau St., Atlanta, Ga. 
Fourth Monday, Meeting at 7 :45 P.M., Ga. 
Institute of Technology. 


BALTIMORE 
G. B. Greer, 631 East 36th St., Baltimore 
18, Md. Tel: CHesapeake 6879 
Second Friday, Meeting at 8:00 P.M., Engr’s. 
Club of Baltimore. 
BATON ROUGE 
John Q. Bass, 1517 Longwood Dr., Baton 


Rouge. La. Tel: 3-0283 
Meeting monthly, L.S.U. Physics Bldg. 


BOSTON 
Stephen E. Lord, 60 Braintree Ave., Quincy 69, 
«Mass. Tel: MA 9-1066 


Last Wednesday, Dinner at 6:30 P.M., Meet- 
ing at 7:00 P.M., 99 Club, 99 State St. 


CALIFORNIA 
D. C. Duncan, Helipot Corp., 
Ave., S. Pasadena, Calif. Tel: 
Second Wednesday, Dinner at 6:30 P. M. 
ing at 8:00 P.M., Carolina Dines. 


CENTRAL ILLINOIS 
H. R. Getz, 723 Laura Ave., Peoria 5, Ill. Tel: 
4-2800 
First pg oem ef Dinner at 6:30 P.M., Meet- 
ing at 7:30 P.M. 


CENTRAL INDIANA 
Richard F. Rieman, ee peas St., Indian- 
apolis, Ind. Tel. CH 7 
First Tuesday, Meeting SS A 30 P. M. 
CENTRAL NEW YORK 
Karl W. Robertson, Minneapolis-Honeywell 
Reg. Co., 121 Onondaga St., Syracuse. 
CHARLESTON 
Fred Gilmer, 418 Beech Ave., Charleston, W. 


916 Meridian 
SY 4-8439 
Meet- 


Va. 
First Monday, Dinner at 6:15 P.M., Meeting 
at 8:00 P.M., Kanawha Hotel. 


CHICAGO 
Floyd E. Ertsman. Rm. 14°0 Fisher Bldg., 343 
S. Dearborn St., Chicago 4, Ill. Tel: 
WE 9-0686 


First Monday, Dinner at 6:30 P. M., Meeting 
at 8:00 P. M., Shoreland Hotel. 
CHINA LAKE 
A. H. Staud, 1004 Michelson Lab., USNOTS, 
China Lake, Calif. Tel: 77882 
Fourth Thursday, Meeting at 
Michelson Lab, USNOTS. 


CINCINNATI 
R. J. Eichner, 1900 Courtland Ave., Norwood 


8:00 P.M., 


12, Ohio. Tel: Jefferson 3130 

Second Monday, Dinner at 6:30 P.M., Eng’r. 

Society Has. 
CLEVELAND 

G. D. Karnegie, 3436 Lorain Ave., Cleveland, 
Ohio. 

Fourth Wednesday, Dinner at 6:30 P.M., 
Meeting at 8:00 P.M., Cleveland Eng’r. 
Society, E. 19th St 

COLUMBUS 
oe H. Chandler, 4 : Como Ave., Columbus 
Ohio. Tel: 994, 

Third Thursday, olen te at 8:00 P.M., Battelle 

Auditorium 
CUMBERLAND 

Clyde Babst, 225 Cecilia St., Cumberland, Md. 

Tel: 583-W 


Tuesday after Fourth Monday, 8:00 P. M., 
Dinner at 6:30 P. M., Algonquin Hotel. 


DENVER 
G. M. Peters, 3191 W. Denver Place, Den- 
ver 11, Colo. Tel: GRand 9073 


DETROIT 
A. W. Brueckner, 5556 S. Clarendon Ave., 
Detroit 4, Mich. Tel: TYler 6-9511. 
Third Tuesday, Dinner at 6:30 P.M., Meeting 
at 8:00 P.M., Rackham Bldg. 


EASTERN NEW YORK 

W. R. McKegg, c/o Gen. Engrg. & Consulting 
G. E. Co., Schenectady, N. Y. 

First Tuesday, 8:00 P.M., Dinner at 6:30 P.M. 
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GULF COAST 
W. N. Sloan, E. I. Du Pont de Nemours & Co., 
Orange, Texas. Tel: 8411 Ext. 444 
Third Tuesday. Meeting at 7:30 P.M., Lamar 
College, Beaumont, Texas. 


HOUSTON 
I. K. Farley, Brown Instrument Co., 2123 
Travis St., Houston, Texas, Tel: Charter 
2511. 
Last Monday, 8:00 P.M., University of 
Houston. 
KANSAS CITY 
H. H. Schmall, te! _naaien Blvd., Kansas 
City 3, Mo. Tel: 4808 
First Tuesday, 7:30 Pa U. of Kansas City. 
LOUISVILLE 


C. M. Bosworth, 203 Arbor Park, N., Lo., Ky. 
Fourth Tuesday, Meeting at 8:00 P.M., Sea- 
gram Auditorium. 


MONTREAL 
L. E. Henne, Bristol Co. of Canada Ltd., 
Dominion Square Bldg., Montreal, Quebec, 
Can. Tel: UNiversity 6-4725. 
Last Monday, 8:00 P. M., Mechanics’ Institute. 
NEW JERSEY 
L. 'H. Ballinger, 2371 Channing Ave., West- 
field, J. Tel: Westfield 2-0765M 
First Tuesday. Meeting at 8:00 P.M., Essex 
House, Newark. 
NEW ORLEANS 
W. H. Haney, 2927 Music St., N. O. .. La. 
No Regular Date, Meeting at 8:00 P.M. 
NEW YORK 
F. B. Leslie, 8856 Commonwealth Blvd., Belle- 
rose 6, Y. Tel: FI 7-0645 
Last Monday, Dinner at 6:00 P.M., Meeting at 
7:45 P. M., Hob Nob Club, 108 E. 41st St. 
NIAGARA FRONTIER 
Mrs. James L. Martin, 34 Manning Rd., 
Eggertsville 21, N. Y. Tel: WIndsor 0087 
Fourth Monday, Dinner at 6:30 P.M., Meeting 
at 8:00 P.M., N. Y. State Inst. of Arts and 
Sciences, Buffalo. 
a ee TEXAS 
. E. Byers, 6000 Lemmon Ave., Dallas 9. 
sauaaiaes CALIFORNIA 
Bert L. Anderson, 1951 47th Ave., 
cisco, Calif. Tel: SEabright 1-5030 
Third Monday, Dinner 6:30 P. M., Meeting 
8:00 P. M., Spengers Grotto. 
NORTHERN INDIANA 
J. Baum Beckman, 547 N. Waller Ave., Chi- 


San Fran- 


cago 44, Ill. Tel: ES 8-7776 
First Wednesday, Meeting at 7:30 P.M., 
Whiting Community Center, Whiting, Ind. 
OAK RIDGE 
J. Lundholm, Jr., Eff. A-3, Apt. 214, Oak 
Ridge, Tenn. Tel: 5-6539 
First Wednesday, Meeting at 7:30 P.M., 


Knight’s of Columbus Hall. 


ONTARIO 
John W. Huether, 311 Southerland Dr., Lea- 
side. Ontario, Canada. Tel: HU-7114 
Third Thursday, Meeting at 8:00 P.M. Friend- 
ship Hall, College St. United Church, Toronto 


PANHANDLE 
W. F. Hoag, Phillips Chem. Co., 
Dumas, Texas. Tel: 241. 
Third Tuesday, Meeting at 2:00 P.M. 


PHILADELPHIA 

R. A. Trenner, Energy Control Co. Rm. 306, 
3147 Broad St., Philadelphia 32, Pa. Tel: 
SA 2-7900 

Third Wednesday, Meeting at 8:00 P.M., Bell- 
vue Stratford Hotel. 

PITTSBURGH 

W. C. Langerman, Fisher Scientific Co., 711 
— St., Pittsburgh 19, Pa. Tel. Express 
-1330. 

Fourth Monday, meeting jointly with the 
Technical Committee on Inspection and 
Gaging. Dinner at 6:30 P.M., Meetings at 
8:00 P.M., Roosevelt Hotel. 


PRESQUE ISLE 
Edwin P. Schuwerk, 44544 Halley St., L. P., 
Erie, Pa. Tel: 2-3349 
Fourth Tuesday, Meeting at 8:00 P.M., G. E. 
Community Center, East Lake Rd., Erie, Pa. 


RICHLAND 
T. H. Quinn, Richland, 
Wash. 
Second Wednesday, Meeting at 7:30 P.M., 
American Legion Hall. 


ROCHESTER , 
R. C. Schwarz, Jr., 1201 Granite Bidg., 
Rochester 4, N. Y. Tel: Monroe 4610R 


Fourth Tuesday, Meeting at 8:00 P.M., Univ. 
of Rochester, Physics Lecture Hall. 


Box 277, 


1513 Goethals Dr., 





a a 
all, 730 Tal 
Canada. Tel: oe omy Sarnia, Ont, 


Second Friday, 8:00 


SOUTH MICHIGAN 
W. J. Sprau, 2509 S. Rose St., 


M., Moose Hall, 


rattich. wel: 4-7012 Kalamazoo, 
‘ourt’ ine Sy rn 200 P, 
P. M., Chicken Charlie's, Kanne at 6:30 
SOUTH TEXAS 
H. C. Givens, La Gl 
furrias, Tens. Tels TSP P.O, 621, Fal. 
First Wednesday. Meeting at 7 330 P.M. 
ST. LOUIS 
W. G. Lee, 4710 i 
Tel: FL 8516. St» St Louis 16, Mo 


First Wednesday, Meetin 
neer’s Club of St. Loui 
TOLEDO 


P. H. Girkins, 418 hs: 
i2, Ohio. Tel: LA 6 ag Blvd., Toleda 


. thet 00 P.M., Engi. 





Third Tuesday, Peo t 8 
Bldg., Toledo Meeting at #00 P.M. Servier 
TENNESSEE 
N. M. a 
Tel: 33383 
No definite night, Dinner at 


16 Edgewood, Kingsport, Tenn, | 


6:45 P.M, Meet. 
ing at 8:00 P.M., Hall’s Di 
Hwy., Kingsport. a Bristol 


TULSA i 


Ss. M. Serasl, 1544 E. 35th Pl., Tulsa 5, Okla. 


Tel: 
First Pe wl Meeti 
neering Bldg., Tales Univ. 7:30 P.M, Engi 
TWIN CITIES 
Alden Hine, c/o Pinkney & Hine, 552 PI 
mouth Blag., Minn 4 a 
Lincoln 052%. aneapolie 3, Mina, Tul; 


Fourth Tuesday, Dinn t 6: 
man Memorial Gales, © of ‘Mink: rm ee 
WASHINGTON 


Raymond E. Miller, 20-224 N; 
White Oak, Md. Tel: JU Tana - Lah, 


Third Monday, Meeti t 8:0 
Co. Auditorium. ans ice 


WAYNE COUNTY 
J. R. McCauley, 18073 Archdal 
Mich. Tel: KE 1-5230. 0” Damm 
Third Monday, Meeting at 8:0 Y 
Cafe, Lincoln Park F Mich. lea. 


WILMINGTON 


J. E. Charsha, Jr., Hammel-Dah! Co., 1000 
Washington St., Wilmington 11, Del. Tel: 
2-6694 

Third Tuesday, Meetin 8:00 
Public School, Wil ~ a a | 





THE SECRETARY'S PAGE 


Continued from page 1097 


This letter was discussed at the re- fi 


cent ISA National Executive Commit- | 
tee meeting in Pittsburgh, July 27 and 
28, and the National Office was in- 
structed to set up a “clearing house” 
for listing Symposia or Regional Meet- 
ings held by local Sections. Actually 
such a “clearing house” was estab- 
lished last fall when the New Jersey, 
New York, Philadelphia and Pittsburgh 
Regional Meetings were announced. 

The Pittsburgh Meeting was devoted 
to “Instrumentation in the Steel In- 
dustry” and the next Symposium vill 
be on the same subject and will be held 
April 3 and 4, 1952. 

The above letter indicates that the 
Philadelphia Regional Meeting will be 
held on November 15, 1951 on Boiler 
Instrumentation. ‘This is a change from 
the topic of last year’s very successful 
meeting. 

The New York meeting will also be 
held on Power Plant Instrumentation. 
A change from last a, successful 
meeting on Process Control. 

The Secretary has recommended 
from time to time that the subject for 
such regional meetings should be 
same each year. In that case the sub- 
ject chosen should be one peculiar to 
the locality where the meeting is to 
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nia, Ont, 
Rall, 

‘alamazoo, 
er at 6. 
ae 6:30 


687, Fal. 
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or it should be governed by 
the number of individuals in the region 
interested in a certain subject. | 

Therefore any Section planning a 
regional meeting is urged to check the 
list of Regional Meetings being main- 
tained in the National Office. 


be held, 





ISA 


EMPLOYMENT SERVICE 
Forward your letter to INSTRUMENT 
SOCIETY OF AMERICA 
921 Ridge Ave., Pittsburgh 12, Pa. 








el 


DEVELOPMENT ENGINEER. To design and 








3 16, Mo, 
M., Engi. : 


» Toledo 
» Service 





- 
8 
7 

TE 








develop & workable instrument, operating from 
prescribed physical principles. The man _ re- 
quired must have a general knowledge of en- 
gineering, including some electronics, mech- 
anics, machine shop practice and the ability 
to undertake the rseponsibility of a devel- 
opment project. Salary is commensurate with 
ability and initiative. Location New Jersey. 


Box 516. 


SERVICE ENGINEER. To service meters and 
controls in boiler plants of customers of well 
established sales organization. Engineering de- 
gree not necessary but applicant must have 
practical knowledge of meter and_ controls 
and should: be willing to extend his schooling 
for further proficiency. Permanent position 
and excellent opportunity for young man wish- 
ing to specialize. Company has profit sharing 
trust and other incentives. Location Chicago, 
Il. Box 517. 


OFFICE ENGINEER. Engineering graduate. 
Applicant should have interest in power plants, 
particularly boiler plants, and a basic interest 
in meters and controls. As opening occurs, 
successful applicant will have opportunity of 
promotion to sales engineer to cover territory 
where earnings are around $10,000 per year. 
Company has profit sharing trust and other 
incentives. Location Chicago, Ill. Box 518. 


SALES ENGINEER. For Southeastern terri- 
tory to handle complete line of indicating, 
recording and controlling instruments for tem- 
perature, pressure, flow, etc. on salary and 
expense basis. Prefer man over 32 years of 
age with sales and instrument experience. 
Must be engineering graduate and willing to 
locate in the Southeast. Salary dependent on 
experience. Box 519. 


SALES ENGINEER. Wanted by well established 
manufacturer of industrial thermometers, dials, 
recorders and controllers, to work out of its 
Detroit office. This is a genuine opportunity 
for an aggressive man experienced in instru- 
mentation. State fully background, education 
and experience in first letter. Box 520. 


SALESMAN. Experienced in the sale of control 
equipment for the boiler plant and process in- 
dustries as particularly related to the petro- 
leum and chemical fields in the N. Y. area. 
Targe established manufacturer of complete 
line of power plant and industrial instruments 
for the measurement and automatic control 
of flow, level, pressure, draft, temperature. 
Salary will depend on qualifications. Give com- 
plete resume of education, training and job 
experience in first letter. Box 521. 


GOVERNMENT SERVICES 


INSTRUMENTATION SCIENTISTS. A pro- 
gram in basic instrumentation research is 
underway at the National Bureau of Stand- 
ards cooperatively sponsored by ONR, Air 
Foree, and AEC, involving theoretical and ex- 
Perimental research development, design, evalu- 
ation, and technical reference work in the 
broad field of measurement and control in- 
strumentation. Excellent opportunities are open 
for qualified scientists and engineers in a 
broad variety of basic instrumentation prob- 
lems. Salaries range from $3825 to $7600 
per year. Further information concerning these 
Positions can be obtained from W. A. Wild- 
hack, Chief, Office of Basic Instrumentation, 
a Bureau of Standards, Washington 25, 
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calibration standard for 
pressure gauge production 


HEISE GAUGES 


@ SUSTAINED ACCURACY 





 @ QUICK RESPONSE 


-@ EAS [LY-REA D 
SCALE 








__ Close accuracy sustained in continuous use, even at 
' ¥- fall scale, has established Heise Bourdon Gauges as 
' _ test standard for many manufacturers of pressure 
_ gauges. Also used for testing pressure actuated switches 
and controls. Zero adjustment is easily made with ex- 
aka | 

Heise Gauges are used in many industries for pre- 
cise measurements of pressure. Custom-built in pres- 

_ sure ranges from 0-15 to 0-10,000 psi. Sizes: 814”, 12”, 
and 16” diameter. Standard gauges from $151.60 to 








i pa i : : 


- $211.20. Accessories extra. Write for catalog. — 


Helse Bourdon Tube Company, Ine. 
oe _ Newtown, Connecticut — 





"PRECISION 
INSTRUMENTS 


For an illustrated description of how PERMOPIVOTS are made, 
ask for the PERMOPIVOT booklet ... Free on request. 
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ssociation 











This installment concludes Mr. 
Cowan’s article. Previous install- 
ments appeared in the July and 
August issues of the Journal. 








Viscosity Units and Conversions 

1 Centipoise=viscosity of water at 
' 68 F.=0.000672 lbs./sec. ft. 

1 Poise=100 centipoises 

=0.0672 Ibs./sec. ft. 

S=Saybolt Seconds Universal 
=GyoT, (0.0022 S—1.8/S) 0.0672 lbs./sec. 


Ree ee 


t 
=GyoT, (0.0022 S—1.8/S) Poises 


| Flow Formulas for Steam 

If the density of steam is determined 
from the pressure at the downstream 
pressure tap, the general flow formula 
can be obtained from formula (12)’ 
and inserting the F,, factor so that, 


W=(359.14?K )FeoFaWhw Lbs./Hr. 35) 


As F,, and Fp are relatively small, 
these factors are usually omitted par- 
ticularly in measurement of steam at 
high pressures. The values of F., and 
F, given in C.N.G.A. Bulletins TS-353 
and TS-402 for gas can be assumed 
| to be approximately the same as for 
| steam if it is found desirable to use 
) them. 

' The density of steam can be de- 





" termined directly from steam tables if 


the steam pressure, degrees of super 
heat or quality are known. 

Density of steam of 100 percent qual- 
ity can be obtained directly from steam 
tables if its pressure is known. 

; Density of wet steam can be found 
if the pressure and quality are known. 
Letting w,--density saturated steam, 
then density of wet steam of quality 
(x) equals 

Ww 
wane or X=<8 or wX = we 

The quality of steam can be deter- 
mined by steam calorimeter. 

Density of superheated steam can be 
determined from steam tables if its 
pressure and temperature are known. 

In many instances the pressure in 
steam measurements and steam quality 
or degrees superheat are relatively con- 





stant so that flowing density can be 
incorporated in the general coefficient 
and flow then equals this coefficient x 
Vh giving flow in lbs./hr. 


President: H. C. Bennett 
Vice-President: F. M. Partridge 


Bellows types of differential gages 
record the actual differential head (h) 
so that when these types of gages are 
used the above formula (25) can be 
used as shown. 

When mercury type recorders are 
used, an additional correction for the 
water over the mercury is required as 
in all steam measurements water seal 
pots are used and F,, from (23) = 


F,,= V1-1713.57 = 0.9625 27) 


For mercury recorders, therefore, this 
value of F,, can be incorporated in the 
general flow equation which becomes 


W = (345.6 Kd?) Foo Fa Wh'w Lbs./He. (28) 


A more general method of computa- 
tion is to set up a set of coefficients 
based on the density of saturated steam 
at 114.4 psi. abs. which equals 0.2564 
lbs./cu.ft. and compute \/w from pres- 
sure records and the quality or super- 
heat of steam. 

For mercury type recorders, coeffi- 
cients have been establshed which first 
assume that the density of steam varies 
directly with the ratio of 


0.2564 xP, 
aa) 


and then additional factors F, and 
(F, or Fg,,) established to correct for 
this assumption, formula (28) can then 
be written for mercury recorders as 
follows: 


ws 9486 Ks SOAR, 


(F; or Fa) Fog Fe VR Lbs. /H 


6) W= (16.36 Ka?) Fp (For Fy)FeaFe Vb 


Lbs./Hr. (29) 
where 
Fp = V (wg X 114.4) / (0.2564P,) 


where wg, = actual density of satur- 
ated steam at P, (30) 


Where F,=\Vw/w,s where w=actual 
density of wet steam of quality (X) 
at pressure P, (31) 


=vy1/X where X=steam quality 


Where Fy, =Vw/w, where w=actual 





Auditor: C. B. McKinney 
Past President: James E. Adams 
Secretary-Treasurer: Geo. H. Forster, Jr., 2916 Eucalyptus Ave., Long Beach 6, Calif. 


SS 
Measurement of Flow of Fluids through Orifice Meters 


with Particular Reference to the Measurements of Liquids and Steam 
By WILLIAM L. COWAN, Union Oil Company 


October Meeting: Thursday, the 
18th, 1951, Rio Hondo Country 
Club, Downey, Calif. Dinner at 
6:30, meeting at 8:00 P.M. 


Feature: “Ring Force Balance 
Meters” by a representative of 
the Hagan Corporation. 





density of superheated steam at P, 
(32) 


When bellows type differential gages 
are used, the flow can be obtained by 
multiplying above mercury gage form- 
ulas by factor (1/0.9625) =1.039. 

As steam is usually measured at a 
high temperature, the orifice plate ex- 
pands to a small degree and the di- 
ameter of the orifice is slightly enlarged 
from its value at atmospheric tempera- 
ture. This condition may also exist 
when measuring any other fluid at a 
high temperature. Correction factors 
for plates of various materials are given 
for this effect in Pittsburgh Equitable 
Meter Company’s manual, “The Orifice 
Meter.” These published factors repre- 
sent the ratio of (d?, at flowing temper- 
ature) /(d2 at 60 F.). The application 
of this factor becomes of importance 
above flowing temperature of 150 F. as 
the average magnitude of this correc- 
tion factor for the four plate materials 
shown is 1.0016 at 150 F., and 1.0000 
at 60 F. These published factors assume 
that the diameter of the orifice was 
measured at a plate temperature of 
60 F. If it is measured at a tempera- 
ture other than 60 F., the correction 
factor applied should be revised ac- 
cordingly. 

In steam measurement, the pressure 
to be recorded is the pressure of steam 
on the steam line at P,. If a test gage 
is placed at the recorder the indicated 
pressure must be corrected for the head 
of water between the steam pots and 
the recorder, 1 foot of water head 
equalling 0.438 psi. 

Values of 16.36 K,d?, 345.6 Kd? and 
359.1 K,d2 can be obtained from pub- 
lished tables of C=338.2 K,d? for gases 
by multiplying these published values 
of C=888.2 x K,d? for gases, by (16.36/ 
838.2), (345.6/338.2). and also obtain- 
able from revised S.C.M.A. Data Sheets 
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159 and 160. Values of Fp, F, and 
F,,, are given on S.C.M.A. Data Sheet 
162. 


CALCULATION OF SPECIAL ORIFICE SIZES 
FOR GIVEN FLOW CONDITIONS 


Gas Flow (see Formula (18)’) 
Q=(338.2 K,d°)E2Fe FF lpy VhB 


Std.CuFt./Hr, (33) 
K,d?=K,p?D? and K,= 
K,,L and also K,,=—Z/338.2 (34) 


The above general gas formula can 
then be written 


K,62=Q/ (388.2D2 F.,x 





FRF yF pyF gVhP2) (35) 
or K,462=Q/ (338.2 LD? F,.Xx 
FFF pyFVhP») (36) 
or 338.2K,,62=Q/ (D2 L F,.X 
F,, FF pyF¢VhP.) =Z6? (37) 


Curves or tables of K,6? versus 8, or 
K,,87 versus 8 or Zé? versus fp can be 
made. For a given specified flow con- 
dition and differential, quick approxi- 
mations of orifice size required can be 
obtained from relation 

338.2 K,d?=C= © 
Q/(F,GyFpy VhP.) (38) 
and nearest (d) determined from tables 
of C for standard sized orifices and 
pipes. Correction factors LF,F, can 
then be quite accurately determined 
for this approximate orifice and used 
in the above equations. 

By solving for K,p?, K,,82 or Zp?, 
the value of beta can be obtained di- 
rectly from tables or curves used. (See 
formulas 35, 36, 37) 

Knowing beta, orifice diameter d= 
sD (39) 
Liquid Flow 

Q= (340.1 K,d?) FyL L>Fpvh’ 
Gals./Hr. at 60 F. (Mercury gage) (40) 

Q = (338.2 Kd?) Fy L.L>FRvh’ x 
(340.1/338.2) Gals./Hr. at 60 F. (40)’ 

Kp? =Q/ (340.1D2 x 


Fy, LgLpFpvh’) (41) 
or K,,82=Q/ (340.1 LD? 
Fy LoL, FRvh’) (42) 
or 

ee X 338.2 
Z4 Q (43) 





2 ; 
D°L Ful gl Fe Vb’ x 340.1 
Obtaining beta from curves or tables, 

d= gD 

Steam 
W=345.6 K,d2 F.F,Vwh’ 

lbs. per hr. (mercury gage) or 
_=16.36 K,d? FFF) (F, or F,,) X 

vh’P, lbs. per Hr. (mercury gage) 


(44) 


Solving for Zs? and using the equa- 
tion for density w 


ZG? m Wx 338.2 ; 

D*LF, Fa Vwh’ x345.6 
obtain 6 from Zp2 curves and solve for 
d=s,D. 


Note: If values of ZLf2 are plotted 
against 6 for each standard pipe size, 
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(L) would be omitted from equations. 
Such curves can, however, only be used 
in computing orifice for standard pipe 
sizes. 


THE USE OF SPECIAL SEALING LIQUIDS 

AND GENERAL REQUIREMENTS FOR SEAL 

Pot INSTALLATIONS IN ORIFICE METER 
MEASUREMENTS 


The use of special sealing liquids at 
some point between the pressure taps 
on the flow line and the recording gage 
is essential when metering the follow- 
ing fluids: Corrosive gases or liquids; 
liquids containing considerable quanti- 
ties of entrained gases; gases contain- 
ing considerable quantities of entrained 
liquids or gases which are readily con- 
densible when cooled below flow line 
temperature at flow line pressure; 
liquids of high viscosity at atmospheric 
temperature; fluids which react with or 


FROM PRESSURE TAPS 


only be used when flowing lianj 
no entrained water as meet ae 
liquids mix with water, ag: 
When sealing fluids are used, seq] 
pots or reservoirs are required on both 
the upstream and downstream 
piping. Both pots should be of the sam 
size and so designed and installed that 
the level of the sealing fluid in each 
pot will be equal and remain Practical} 
equal from zero to maximum flow tf 
sealing levels are not held practicall 
equal in both pots, the seal factor moma 
in formula (28) should be computed b 
special formulas shown later. Seal ied 
should be carefully leveled and firml 
supported so that they will not ‘ie 
a strain on gage piping. 
In the measurement of liquids, gage 
piping from pressure taps to seal pots 
(or to recorders when no seal Pots are 
-used) should be so installed that there! 





















































Fig. 5 
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cause emulsification of mercury when 
mercury recording gages are used; 
liquids containing appreciable amounts 
of some other liquid which would tend 
to gradually separate out. In the meas- 
urement of steam, water (condensed 
steam), is always used as the sealing 
liquid. 

Ordinarily, water, light oil and gaso- 
line measured at pressures high enough 
to prevent vaporization can be meas- 
ured without using special sealing liq- 
uids. Such liquids are piped directly 
to and into the recording gage. Small 
amounts of entrained vapors or other 
liquids can be trapped out and vented 
occasionally by use of special traps on 
gage line hookup. 

The general specifications for a seal- 
ing liquid are that it be a liquid which 
will, (1) not mix with the flowing fluid 
or contaminate mercury when mercury 
gages are used, (2) have a specific 
gravity different than that of flowing 
fluid, (3) be relatively non-viscous. In 
most instances water is the most com- 
monly used sealing fluid as it is readily 
available, cheap and is usually en- 
trained either in a liquid or vaporous 
state in most of the commonly measured 
fluids. Water is not desirable if freez- 


ing temperatures are expected. Other 
commonly used sealing fluids are vari- 
ous types of anti-freeze liquids contain- 
ing anti-rust preventative which should 














is no possibility of entrapping air, gas 
or other entrained liquids. 

In the measurement of gases con- 
taining free liquid and gases which 
tend to condense, gage piping from 





pressure taps to seal pots (or to re) 
corders if no seal pots used) should 
be so installed that any liquids formed » 
will either drain back into the flow line _ 
or into special traps installed at low! 
points of the gage line. In measurement 
of such gases, pressure tap openings 
should take off at the top of or above 
the center of a horizontal meter run 
and slope upwards to seal pots (or to 
recorder if no seal pots are used). Pres- 
sure tap openings should be of maxi- 
mum allowable size. Gate or plug valves 
on gage lines are recommended. These 
same general recommendations also 
apply to the measurement of steam. 
For steam measurements, however, 
pressure tap openings should even be 
larger than the maximum specified siz 
in order to allow condensed steam to 
drain back into the meter run. In one 
particular instance, see Fig. 8, addi- 
tional water drain lines for condensed 
water were found to be necessary whet 
measuring an extremely varying flow 
of steam. ; 
Recommended methods for installing 
seal pots and gage piping, with refer: 
ence to meter run and recording gag 
are shown on Figs. 6 to 20, for various 
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ORIZONTAL METER 
bun (GAUGE BELOW) 


HORIZONTAL METER 
RUN(GAUGE ABOVE) 





Fig. 9 





S7EAM POTS 


PRESSURE TAPS 

SHOULD TAKE OF F 

AT CENTER OF  - 

HORIZONTAL RUN 
OR ABOVE . 


























(seabed 

Pots in any ed 

HIGHLY SUPERHEATED VERT/CAL 
S7EAM, VAR/ABLE FLOW METER RUN 









GAS WITH LIQUID SEAL 





Fi6.1 





PRESSURE TAPS SHOULD NOT 
TAKE OFF BOTTOM OF PIPE. 










Fic. I2 WATER OR OTHER ee ee 


VISCOSITY LIQUIDS CONTAINING ONLY SMALL 
AMOUNTS OF FREE GAS, VAPOR 





VERT/CAL RUNS 





GAUGE ABOVE LINE 


GAUGE BELOW LINE 
NO SEAL POT REQUIRED 


NO SEAL POT REQUIRED 


PRESSURE TAPS TAKEN OFF WITHIN. 
45° OF CENTER OF HORIZONTAL METER RUN, 











WON VISCOUS, SLIGHTLY VAPOROUS, LIGHT LIQUIDS 


HAVING ONLY SMIALL FRACTIONS OF ENTRAINED 
HEAVIER LIQUID.(SPECIAL TRAPS USED) 





Fie. 15 


Meter Run 





Fie. l6 


Ne special sealing liquid vsed, Pressure paps 


and gauge lines sloped dewn fo gavge. 


SPECIAL SEALING LIQUID USED 
(SEALING L/QUID HEAVIER THAN METERED FLUID 











Afeter Run 








Fi6.18 














SPECIAL SEALING LIQUID USED 





(SséALING L/QUID LIGHTER THAN METERED LIQuiD) 


GENERAL NOTES ON SEALING POTS. 

Place hothsealing pers at some 
elevation. 

Seal Pots must be eguipped with 
necessory valves or plugs for Filling 
or venting end for determing Sea/~ 
129 Fluid levels. ' 

Mahe size of seal pers such 
that the change m sealing liquid 
metered Fivid leve/ +s neg/'3tble 
dering Flow cond trons. 

Seal pots placed horizontally 
ere generally recommended ever 
vertieally installed pots 

Seoling fluid-mertered Fluid 
leves shou!ld be maimtained at 
Center of horizontally installed 
sealing pers. 





























GENERAL RECOVIMIENDATIONS FOR INSTALLING SEAL POTS AND RECORDING GAGES 
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types of fluid measurements. The by- 
pass across the recording gage may be 
either above or below the instrument. 

The temperature gradient per foot 
of vertical height in gage lines from 
pressure taps to seal pots (or to re- 
vorder when no seal pots are used) 
should be equal in both the upstream 
and downstream gage lines. This is 
particularly a necessary precaution in 
case pipe taps are used. Flange taps 
are, however, recommended in every 
instance. In measurement of hot liquids 
which may congeal at lower tempera- 
tures, it may become necessary to add 
additional heat to this section of gage 
piping and even to the seal pots in 
order to obtain a reliable differential 
record. 

In the measurement of steam, water 
is always used as the sealing liquid. 
The size of the pots need not ordinarily 
be as large as those required in other 
fluid measurements as the sealing fluid 
levels in each pot are maintained by 
the condensation of the steam. Each 
pot should, however, have a liquid ca- 
pacity at least double that of the maxi- 
mum displacement of mercury in each 
side of the recording gage. In the meas- 
urement of rapidly changing steam 
flow, however, large pots are recom- 
mended. In the measurement of super- 
heated steam, the pots should be 
equipped with radiating fins or aux- 
iliary finned cooling surfaces installed 
above the sealing pot. Air or other en- 
trained gases may at times collect at 
the tops of steam gage piping and addi- 
tional air traps installed at this point 
may become necessary. Gage piping 
from water pots to pressure taps as 
weil as pressure tap openings into flow 
line often plug up and prevent drain- 
age of water back into flow line. These 
openings and this section of piping 
should be inspected occasionally and if 
meter is sluggish this is often the 
cause of the trouble. 

In order to obtain the greatest avail- 
able benefit from a cylindrical sealing 
pot, the pots should be installed in the 
horizontal position as this position pro- 
vides a greater sealing liquid surface 
per size of pot. Vertically installed pots 
if of sufficient size to give a proper seal- 
ing fluid surface are often used as they 
are more easily installed. 


The calculation of sealing pot sizes 
for use in installations, using a mercury 
type recording gage, is determined as 
follows: (Note: If bellows type gages 
are used, the actual displacement of 
sealing fluid in the upstream and down- 
stream parts of the gage must be known 
in order to arrive at the corresponding 
displacement which would occur in the 
sealing pots.) In the following deri- 
vations the sealing pots are assumed 
as vertical. As the actual allowable 
vertical change of sealing fluid is small 
in most cases, change in displacement 
of sealing fluid in each pot can be 
closely figured for a horizontal sealing 
pot if sealing liquid level is at center 
of by the (diam. of potxlength of 
pot) < (allowable increase in height of 
sealing liquid level computed for a ver- 
tical pot). 
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In general practice it is desirable to 
use a manometer factor Fy, as specified 
by equation (28). Seal pots should be 
made large enough so that by using the 
above value of F,, no appreciable error 
in measurement will result. If the al- 
lowable error for instance is 0.5 per- 
cent then equate F, as obtained from 
equation 47 or 49, as the case may be, 
to 1.005 and solve for A from other 
known values. 


CASE I. DETAILED CALCULATION OF Fy, 

FACTORS FOR SEALING LIQUID HEAVIER 

THAN METERED FLUID (SEE Fic. 5) 

(ASSUMING VERTICAL CYLINDRICAL SEAL 
Pots) 


Let: 
Areas in square inches of 
Horizontal Liquid Surface Levels 
A=A,=A, for each seal pot= 
0.7854 d,2 
B=High Pressure Mercury Chamber 
=0.7854 d,? 
C=Low Pressure Mercury Chamber 
=0.7854 d,? 
Specific Gravities of Fluids (Water 


=1.0000) 
G=Metered Liquid at Seal Pot Temp. 
G,.=Sealing Liquid 
Note: G, at pot assumed=G, in 
recorder 
G,,—Mercury in Recording Gage 
Vertical Heights in Inches 
a=lowering of metered liquid and 
sealing liquid level in seal pot A, and 
a=Rise of metered liquid and sealing 
liquid level in seal pot A, 
b=Lowering of sealing liquid and 
mercury level in H.P. pot of gage 
c=Rising of sealing liquid and mer- 
cury level in L.P. pot of gage. 
Expressing Pressures in Inches of Mer- 
cury at 60 F’. and Volumes in Cu. Inches 
Aa=Bb=Cc=Change in _ displace- 
ments of liquids for differential 
(P,—P.) (45) 
b+ec=m (4 
or b=m-—c and from (45) and (46) 
Ce=Bm-—Bce or 
or c=Bm/(B+C) 
and from (45) and (47) 
Ce=CBm/(B+C) which also equals 
(Aa) therefore 


” BCm 
A(B+O) 48) 


Since the pressure in each leg of the 
mercury column is equal at a level equal 
to that of mercury-seal fluid level in 
pot B 

P,’+e(G./G,,) +m(G,/G,,) = 
P,’+e(G,/G,,) +m, from which 

P,’-P,'=m(i~G,/G..) 
or m=(P,’—P,.") /(4—G,/G_) 

Let n=true differential pressure 
across pressure taps=(P,—P,) 
Pi =P, '—2aG/G,, and Py= 

P,’—2aG,/G,, 
from which (P,—P,) equals 

n=P,’—P,’+2a(G,—G) /G,, 
or from (49) and (50) 

n=m (1—G,/G,,) +2a(G,—G) /G,,= 
actual differential in in. mercury. (51) 

Since (m) is the actual change in 


(47) 


(49) 


(50) 








mercury level in the recordi ‘ 
represents the indicated ane 
pressure. The recorder automatiean 
converts (m) to inches of wate d 
indicated differential h’, og 

Also nG,,=h, the actual differentia) 
across pressure taps in inches of wate 
and (mG,,) =indicated differential t. 





By multiplying equatio 
then os , 
nG,,=mG,, (1—G,/G,,) +2a (G.~G) 


which also equals (2) 
h=h’(1—G,/G,,) +2a(G.—G)= (53) 

actual pressure drop in inches of water 
In orifice meter flow calculations the 

vh is required and the correct value of 

Vh=FyVvh’ or FyV(h/h’) 

or from (41), F,,=correction Factor 


Fy=V(i-G,/G,,) + @a/h) (G—) 
(64) 











or 
G.) , 2BC(6-6) 
parle) * 7G, (B+C) 


when (a) is given its value from (48) 
and (h’) made=(mG,,), or 


G.\ , Qld, /4,)?(6,- 
FeeV(it c ) + Ss! (GG 
™ Gn [1+ (d, /d,) ] 
when areas pots expressed in pot diam. 
eters. 
In common practice, the seal factor 


used equals V¥1—G,/G,, and if the de. 
gree of error caused by this assump. 
tion is called (F,), 


rechivRG 7G, ehhFGe, 6 


and from (54), (55), (56), 


A 2a (G,-G) 
AVI TRG7e) 





















=(F2-})x WXU-G/Gm) gy 
aalita s 2(G,-6) 
and also 
2BC (G,-G) . 
R=V1+ ag Get) “U-G/e) 
(4, “4g )* (6,-G) (59) 





2 

= += xX 
A vi Gm [1444,/dy)°] [1-G,/ Gn) 

From formulas (55), (56), (59), it 
is apparent that for any one set of pots 
of areas A, B, C that the correction 
factors F,, or F, are constant for any 
given values of G, and G, regardless of 
flow rate. 


CASE II. SEALING LiquiD LIGHTER 
THAN METERED LIQUID 


By reasoning similar to that shown 
above for sealing liquids heavier than 
metered fluid, the following formulas 
have been devised for Sealing Liquids 
lighter than metered fluid. 


Fa=vll-G,/6,)+20G-Gvr 


an 
2a(6-G,) 
heVitiiree) 


az(F?-1) xh 





(1-G,/ Gy») 


—— 6!) 
(6-6) 




















Gi) 


a) 


69) 
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ss of 








Commemorating our 60th Anniversary 


THE POWERS REGULATOR COMPANY 





New Factory and General Office Building: 3400 Oakton Street, Skokie, Illinois 


WILLIAM PENN POWERS 
. . -with his invention of the 
first all pneumatic system of 
temperature control and 
gradual acting vapor disc 
thermostat made an invalu- 
able contribution to the 
modern science of heating, 
air conditioning and indus- 
trial process control. 





World’s Most Modern Factory 
Producing Automatic 
Temperature and Humidity Control 


...to meet the greatly increased demand for POWERS products 
and to give you better controls, better deliveries and better values 
... these advantages are possible with our large new plant and 
modern production facilities. With an enlarged engineering 

and production staff, plus 60 years experience in heating, 
ventilating, air conditioning and process control, 
we believe we can be of greater service 
than ever before to our many friends 
who have contributed to our success. 






TEMPERATURE 
y AND HUMIDITY 


Offices in Over 50 Cities. See Your Phone Book. 


Chicago 13, Ill., 3819 N. Ashland Avenue @ New York 17, N. Y., 231 East 46th Street 
Los Angeles 5, Cal., 1808 West 8th Street © Toronto, Ontario, 195 Spadina Avenue 
Mexico, D. F., Apartado 63 Bis. © Honolulu 3, Hawaii, P. O. 2755—450 Piikoi at Kona (a55) 
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below 800° F 



























































XACTEMP™ 


Low Temperature - General Purpose / i 


Type LT-840 


low temperature 
Xactemp Pyrometer 
with rigid extension 
arm and surface 
tip thermocouple. 











1001 USES 


This is the answer to 
quick, accurate tem- 
perature readings below 
800° F. in many industrial 
processes and operations. 
And it's so convenient to 
handle. 
The Xactemp hand-type 
pyrometer, Model LT-840, is 
used with needle thermocouples, rib- 
bon thermocouple, surface tip ther- 
mocouple, and other specially de- 
signed thermocouples and extension 
arms. These are easily interchange- 
able and, without adjustments or 
recalibration of the instrument, quick- 
ly ready it for measuring the surface 
temperature of stationary and re- 
volving rolls and cylinders, flat and 
irregular surfaces of molds, dies, etc. 
in rubber and paper making, plastic 
materials, rubber, wax, oils, greases, 
and other semifluid materials. 
Handy, compact design makes this 
Xactemp pyrometer ideal for field 
service, laboratory, and production- 
line use. 


Price Xactemp Pyrometer less thermocouples 
Sonnbsobabebbsbsiessseneen Bele) 


Write for detailed, descriptive litera- 
ture on Gordon Xactemp Pyrometers. 








pee: 
Te nn ie 


GORDON: 
>7 SERVICE. SZ 


CLAUD S. GORDON CO. 
Manufacturers & Distributors 


TherMocduple Supplies + Industrial Furnaces & Ovens 
Pyrometers & Controls « Metallurgical Testing Machines 
Dept. 2! + 3000 South Wallace St., Chicago 16, Ill. 
Dept. 2! + 2035 Hamilton Ave., Cleveland 14, Ohio 
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Manuta 


New Literature 


In this department we report new literature pertainin 

ceived from the manufacturers. We urge readers to request ONLY those bullet; 

which will be of value to them. Use the Postage-free Order Card on Page 1113, 
Requests for literature FROM ABROAD ; 


mailed DIRECTLY to the manufacturers. 


cturers’ 





g to Instrumentation, re. 


should be made on company letterhead and 





Temperature 


T-668 Potentiometer Temperature 
Indicators. 16-page Bulletin 305-3 il- 
lustrates and describes maker’s line of 
single-point, multiple-point, and port- 
able temperature indicators which use 
the null-method potentiometer prin- 
ciple—The Foxboro Co., Foxboro, 
Mass. 


T-669 Temperature Controller. 4- 
page folder illustrates and describes 
maker’s “Electromax” controller for 
temperatures up to 1000 F. Includes 
features and applications—Leeds & 
Northrup Co., 4907 Stenton Ave., Phil- 
adelphia 44, Penna. 


T-670 Pyrometer Controllers. 34- 
page Catalog No. 1A contains 12 bul- 
letins describing maker’s line of “Sim- 
plytrol” pyrometer controllers, contact 
meter relays, and portable pyrometers. 
—Assembly Products, Inc., Chagrin 
Falls, Ohio. 


T-671 Pyrometer Controller. 4-page 
Bulletin SJ-1 contains operating and 
servicing instructions for “Model-J 
Gardsman” indicating thermocouple- 
type pyrometer controller.—Taco West 
Corp., 525 N. Noble St., Chicago, Ill. 


T-672 Thermistor Bolometers. 2- 
page brochures illustrate and describe 
(1) thermistor bolometers for infrared 
radiation detection, (2) bolometer pre- 
amplifier, (3) thermistor power unit, 
and (4) radiation pyrometer for re- 
mote measurement of temperature.— 
Servo Corporation of America, 2020 
i. Turnpike, New Hyde Park, 


T-673 Spot-cooling Device. 2-page 
brochure Form V-2-551 illustrates and 
describes three models of vortex tubes 
which use compressed gas or air to pro- 
duce temperature drops.—Thermo In- 
struments Co., 1168 El Camino Real, 
Belmont, Calif. 


T-674 Test Cabinets. 12-page bro- 
chure illustrates and describes maker’s 
line of test chambers which control 
temperature and humidity. Includes 
applications in research, testing, etc. 
—Northern-Zaleski, Ltd., Pratt Oval, 
Glen Cove, L. I., N. Y. 


T-675 Test Cabinets. 4-page bro- 
chure illustrates and describes maker’s 
test cabinets for high and low temper- 
atures and controlled humidity.— 
Standard Cabinet Co., 52 Washington 
Ave., Carlstadt, N. J. 


Pressure 


T-676 Vacuum Gage. 2-page Cata- 
log 104 illustrates and describes ther- 
mocouple vacuum gage. Includes prin- 
ciples and accessories.—Hastings In- 





strument Co., Inc., Super Hj ’ 
and Pine Ave., Hampton Highway 





Flow 


T-677 Anemometer. 2-page ¢ ; | 
log 102 illustrates and desestlans mai 


er’s portable thermopile-type “Air. 
Meter” for measuring air velocities — 
Hastings Instrument Co., Ine. P, Q,| 
Box 1275, Hampton, Va. 


T-678 Thermal Anemometer. 11. 
page reprint of paper “A Compensated, 
Thermal Anemometer and Flowmeter’ 
discusses theory and design of instrv- 
ment using thermocouple in airstream, 
—Hastings Instrument Co., Inc., Hamp. 
ton, Va. 


T-679 Water Meters. 18-page Vol, 
35 No. 3 issue of house organ “Water 
Journal” features articles on water 
works, sewage treatment, and disc me- 
ters.—Rockwell Mfg. Co., 400 N, Lex- 
ington Ave., Pittsburgh 8, Penna. 


Speed 


T-680 Tachometer Indicator. 4-page 
Technical Data Sheet No. 42R describes 
features of maker’s multiple-head 
single-range tachometer  indicator— 
Metron Instrument Co., 482 Lincoln 
St., Denver 9, Colo. 





T-681 Speed Changer. pn ed 


Data Sheet No. 4C describes maker's 
variable-ratio mechanical speed chang: 
er with push-rod control.—Metron In-| 
strument Co., 432 Lincoln St., Denver} 
9, Colo. 


Process Controllers 
T-682 Recorders and Controllers. 


8-page Bulletin 17-C illustrates and) 


describes maker’s line of process con- 
trollers, components, systems, and in- 
dicating-recording-integrating combi- 
nations. Includes principles and fune- 
tions.—Bailey Meter Co., 1050 Ivan- 
hoe Rd., Cleveland 10, Ohio. 


T-683 Meters and Control Systems. 
12-page Bulletin No. 15-H illustrates 
and describes maker’s line of control- 
lers, recorders, gages, and valves for 
power-plant and industrial-process con- 
trol. Includes principles and applice- 
tions.—Bailey Meter Co., 1044 Ivan- 
hoe Rd., Cleveland 10, Ohio. 

T-684 Flow Ratio Controller. 8-pag 
Catalog 53 illustrates and describes 
maker’s line of “Ratomatic” contro: 
lers for proportioning flow of fluids 
or gases in two or more lines. Includes 
principles and applications.—Fischer 
& Porter Co., 4600 County Line Rd, 
Hatboro, Penna. 

T-685 Recorder and Controller. 2 
page folder describes features of Ca- 
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Assures greater precision in manual control of flow 


... the Honeywell HI-LIFT valve 


PRECISION INDICATOR 


SHOWS STEM TRAVEL TO 1% 


INTEGRAL STEM AND DISC 


V-PORT DISC RESPONDS 
TO MINUTE CORRECTION 
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Flow characteristics of the Honeywell Hi-Lift 
Hand Control Valve far surpass those of con- 
ventional designs . . . offer favorable compar- 
ison to the precision of such diaphragm operated 
control valves as the Honeyweli Series 700. 


C00 @An@ess 








EXTRA STURDY YOKE 


ENCLOSED GASKET 









SEATS ARE RENEWABLE 
AS ARE DISC AND STEM 


Write for Bulletin 242-2 


Tue superior flow characteristics 
of the Honeywell Hi-Lift Hand 
Control Valve become immedi- 
ately apparent when compared 
with conventional globe or gate 
valves. 


In addition to the illustrated fea- 
tures, your comparison will show 
how the positive-seated, V-ported 
(or contoured) disc assures pro- 
portional flow throughout the en- 
tire lift of the stem . . . how the 


micrometer indicator is set to con- 
trol flow within one-hundredth of a 
turn of the stem . . . how the unique 
construction prevents spinning of 
valve disc during operation, per- 
mits repacking with valve open 
and under pressure. 


Write for Bulletin 242-2. 


MINNEAPOLIS-HONEYWELL 
REGULATOR Co., Industrial Divi- 
sion, 1908 Windrim Ave., Phila- 
delphia 44, Pa. 


Honeywell 


Velue Products. 
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wanted af once 


LONG-RANGE MILITARY 
AIRCRAFT PROGRAM 


by 
NORTH AMERICAN 
AVIATION, INC. 


Los Angeles, California 


Unusual opportunities for Aerody- 
namicists, Stress Engineers, Aircraft 
Designers and Draftsmen, and special- 
ists in all phases of aircraft engineer- 
ing. Engineering skills other than air- 
craft may be adaptable through paid 
training program. Also openings for 


Recent Engineering College 
and Technological Graduates 


Long-range imilitary program offers 
fine chance for establishing career 
in aircraft while aiding defense effort. 
Transportation and established train- 
ing time paid. Salaries commensurate 
with experience and ability. 


Please include summary of 
education and experience in 
reply fo: 

Engineering Personnel Office 


Section 9 


NORTH AMERICAN 
AVIATION, INC. 


Los Angeles International Airport 
Los Angeles 45, Calif. 
or 
Columbus 16, Ohio 
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NEW LITERATURE 





Process Controllers, Continued 


pacilog” recorder and recorder-control- 
ler. Includes list of representatives.— 
Wheelco Instruments Co., 847-851 W. 
Harrison St., Chicago 7, IIl. 


T-686 Control System. 24-page Bul- 
letin 98097 illustrates and describes 
maker’s “Transaire” transmitters, 
“Tri-act” controllers, “Transet’” receiv- 
ers and flow integrators, and pneu- 
matic chart-drive. Includes principles 
and operation.—Taylor Instrument 
?; am 95 Ames St., Rochester 1, 


Steam, Water Level, etc. 


T-687 Water-level Gages. 32-page 
Bulletin No. 1015 illustrates and de- 
scribes maker’s line of bi-color water 
gages, “loose-window” clear gages, 
gage valves, gage cocks, level detector, 
water alarms, “Utiliscope” wired tele- 


vision, and soot blowers.—Diamond 
Power Specialty Corp., Detroit 31, 
Mich. 


T-688 Boiler-water Feeders and 
Combinations. 4-page “Condensed Cat- 
alog” and 20-page “Supplemental Cat- 
alog” illustrate and describe maker’s 
line of boiler-water feeders, low-water 
fuel cut-offs, float-operated switches, 
level controllers, ete—McDonnell & 
Miller, Inc., 3500 N. Spaulding Ave., 
Chicago 18, Il. 


T-689 Steam Efficiency. 8-page 
booklet “How Increasing Your Steam 
Costs Can Save Money” consists of 
16 questions and answers on efficient 
use of steam.—Sarco Co., Inc., Empire 
State Bldg., New York 1, N. Y. 


Optical 


T-690 Optical Follower. 4-page bro- 
chure illustrates and describes optical 
instrument for precision hole spacing 
on templates, ete. Includes applica- 
tions, features, and specifications.— 
The Boeckeler Instrument Co., 31 E. 
Rillito Street, Tucson, Ariz. 


T-691 Surface Flatness. 4-page Cat- 
alog No. 20 illustrates and describes 
maker’s “Optical Straightedge” which 
measures and records variations in 
the flatness of large surfaces, bed 
plates, VEE-ways ete.—F. T. Griswold 
Mfg. Co., W. Lancaster Ave., Wayne 
2, Penna. 


T-692 Spectrophotometer. 8-page 
Vol. 2 No. 4 issue of house organ “In- 
strument News” features articles on 
double-beam spectrophotometer, pre- 
amplifier, machine-tool microscope, and 
other optical instruments.—The Per- 
kin-Elmer Corp., Norwalk, Conn. 


T-693 Layout and Level Instru- 
ments. 1-page brochure illustrates and 
describes hand levels, layout Penta- 
prism, pocket stereoscope, cruiser stick, 
pocket telescope, and rod -level.—Stra- 
tex Instrument Co., 1861 Hillhurst 
Ave., Los Angeles 27, Calif. 


T-694 Microscopes. 24-page Catalog 
D-185 illustrates and describes mak- 
er’s line of “Dynoptic Labroscopes,” 
or laboratory microscopes. Includes 
features and accessories.—Bausch & 
Lomb Optical Co., Rochester 2, N. Y. 


Chemical Laboratory 


T-695 Melting-point Meter. 16-page 
Booklet No. 13 “What’s New for the 
Laboratory” illustrates and describes 





new constant-temperature 

flexible heating tape, speed dessert” 
tongs, electronic temperature cont z 
ler, melting-point meter, one-pan bal 
ance, and other laboratory inst : 
ments.—Scientific Glass Apparatus Co, 
Inc., Bloomfield, N. J. * 


pags A hamtotery Instru 
page No. issue of hou 
“Cenco News Chats” features ation 
on preformed graphite electrodes eco- 
nomical pyrometers, “Roto Ranger” VT- 
VM, and maker’s laboratory instru- 
ments.—Central Scientific Co, 1700 
Irving Park Rd., Chicago 18, Til. 


T-697 Teflon Stopcock. 1- 
letin describes maker’s eae 
stopcocks with Teflon plugs.—Kontes 
Glass Co., Vineland, N. J. 


T-698 Laboratory Glassware e 
er. 8-page brochure illusteates aa 
describes maker’s laboratory glassware 
washer with baskets for variety of 
glassware. Includes steam-heated and 
electrically-heated models.—Fisher Sci- 


ments, 24. 


Pa 


ie Co., 717 Forbes St., Pittsburgh 


Chemical Analysis 


T-699 Chemical Oscillometry. 192. 
page booklet features article on theory 
and applications of high-frequeney 
measurements of conductivity and di- 
electric constant.—E. H. Sargent & Co., 
4647 W. Foster Ave., Chicago 30, Ill. 


T-700 Polarographs. Brochures jl- 
lustrate and describe (1) “Sargent 
Polarograph Model XXI,” (2) “Sarg- 
ent-Heyrovsky Polarograph Model 
XII,” and (3) “Model III Manual Po- 
larograph.” Includes theory and fea- 
tures.—E. H. Sargent & Co., 4647 W. 
Foster Ave., Chicago 30, IIl. 


T-701 Electrolytic Analyzer. 4-page 
brochure illustrates and describes mak- 
er’s “Sargent-Slomin” electrolytic an- 
alyzer for determination of metals 
by means of electrodepositions.—E. H. 
Sargent & Co., 4647 W. Foster Ave, 
Chicago 30, Ill. 


T-702 


gan “ARL Spectrographer’s News Let- 
ter” features articles on maker's 
“Quantometer” direct-reading _ spec- 
trometer.—Applied Research Labora- 
tories, Glendale 4, Calif. 

T-703 SO. Recorder. 8-page bro- 
chure illustrates and describes SO; re- 
corder for measuring air pollution. 


Includes principles and specifications.— | 


Leeds & Northrup Co., 4907 Stenton 
Ave., Philadelphia 44, Penna. 


Electrical and Electronic 
Instruments 


T-704 Kilovoltmeter. 1-page Bul- 
letin F-56 describes 100-kv. voltmeter, 
25-kv. power supplies, hi-voltage 
probes, scale-printing machine, micro- 
circle cutters, and electro-graphic re- 
corder.—Precise Measurements (Co, 
942 Kings Highway, Brooklyn 23, N. Y. 


T-705 Test Instruments. 72-page 
catalog illustrates and describes 30 in- 
struments, including millivoltmeter, 
power meter, wavemeter, Q meter, 
oscillators, signal generators, moisture 
meter, pH meter, and electro-med 
instruments.— Marconi Instruments 
Ltd., 23 Beaver St., New York 4, N. Y. 

T-706 Electrical Measuring Instrt 
ments. 30-page Booklet B-4696 é& 
scribes maker’s line of electrical por 





i 
Direct-reading Spectrometer. | 
4-page Vol. 4 No. 2 issue of house or- © 
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longest sustained accuracy, 
4-nage 
; mak- H H 
Apt lowest installation cost 
metals 
—E. H. 
Ave., Simpler in design, simpler and much less expensive to install, far 
easier to maintain . . . the all-metal Foxboro mercury-less d/p Cell 
meter. offers greater speed of response, permitting closer flow control, 
>t. than has ever been possible before. Its negligible displacement 
aker’s and corrosion-proof construction of Type 316 Stainless Steel elim- 
spec- inate usual maintenance problems, even in service on highly 
abora- corrosive or viscous fluids previously considered unmeasurable. 
The Foxboro d/p Cell measures differential pressure by the 
| 0 nd | force-balance principle and transmits pneumatically to indicating, 
veo recording, or controlling receivers. Small, compact, weighs as 
ons.— little as 19 lb. Ranges: from 25” to 800” H2O. Working pressure 
tenton ratings up to 4000 psi. Steel or stainless steel construction. Inher- 
ent over-range protection. Easy in-the-field calibration and 
. range changes. Optionally available with pre-assembled mani- 
} fold piping shown in photo above. 
Thousands of d/p Cells now in use throughout industry, with 
Bul- many repeat orders now on our books, indicate the wide accept- 
— ance and successful performance of this revolutionary develop- 
mic 4 ment for the measurement of liquid, steam, gas, or air flow. Write 
ic re- for detailed Bulletin 420. The Foxboro Company, 469 Neponset 
‘& Avenue, Foxboro, Massachusetts, U. S. A. 
2~page 
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MILLION-DOLLAR DIALS | 


---for 
pennies! 


Self-luminous, fluorescent, phos- 
phorescent, or nonluminescent— 
etched, lithographed, or screened 
—whatever type of dial you need, 
U. S. Radium Corporation can 
produce it ... with “million- 


dollar” accuracy and finish, at mass-production cost. 

Yes, even though they cost less than you’d think, U. S. Radium 
dials look like a million dollars. That’s because, in producing millions 
of dials for instruments and timepieces, we’ve learned how to apply 
precise markings with big-volume methods that are a boon to the 
budget. We also make high-accuracy dials, in as small quantity as 
desired, for scientific requirements. 

To find out how our dial experience can benefit your instruments 
—with better dial design, or lower cost, or both — write Dept. I9, 
U. S. Radium Corp., 535 Pearl Street, New York 7, N. Y. 


Other Products of U. S$. Radium 


RADIOACTIVE FOILS 
(alpha-ray ionization sources) 


IONOTRON STATIC ELIMINATORS 


RADIUM LOCATORS: 


pendants, lenses, buttons, screws, markers 


aus 


LUMINOUS RETICLES 
and other specialties 
POWDERS: _ 
cathode-ray tube and television tube 


SILHOUETTE ILLUMINATION 
of clocks, watches and instruments 


UNITED STATES RADIUM 
CORPORATION 
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table, switchboard, and panel ; 
ments together with classification = 
selection information.— Westinghouse 
2099, Pj 
yg tg ittsburgh 
T-707 Signal Generators, 9. 
brochures illustrate and denceibe tis 


| erystal-controlled generator for 150 ke. 


to 150 Mc., (2) marker generat : 

500 ke. to 32 Mc., and (3) scomndan 

frequency-standard generator for 1 ke 

to gh pee Corporation of Amer. 

ica, ¢ ericho Turnpike, N 

Park, N. Y. Sig 
T-708 Low-frequency Generator, 4. 


| page Vol. 2 No 10 issue of house organ 
| “hp Journal” illustrates and describes 
new generator which generatés sin. 


oidal, square, or triangular waves from 


| 1000 to 0.01 cps.—Hewlett-Packard Co., § 


395 Page Mill Rd., Palo Alto, Calif. 
T-709 Tuning-fork Oscillators, 16. 


| page brochure and 13-page supplement 
| illustrates and describes maker's line 
l Includes | 
specifications.—Phila- 
mon Laboratories, 5717 Third Ave, |) 


of tuning-fork oscillators. 


principles and 


Brooklyn 20, N. Y 


T-710 Servoscope. 4-page brochure 
describes maker’s “Servoscope” signal 
generator for testing response of 
servosystems.—Servo Corporation of 
America, 2020 Jericho Turnpike, New 
Hyde Park, N. Y. 


T-711 Oscillograph. 12-page Vol. 1 
No. 3 issue of house organ “Engineering 
News” features articles on use of mak- 
er’s oscillograph in measuring accel- 
eration and strains.—Hathaway Instrv- 


| ment Co., 1315 S. Clarkson St., Den- 


ver 10, Colo. 

T-712 Oscilloscope Preamplifier. 12- 
page Vol. 18 No. 6 issue of house organ 
“Sylvania News” features articles on 
an oscilloscope preamplifier, TV raster 
variations, 


Box 431, Emporium, Penna. 


T-713 Amplifier-Recorder. 22-page 
brochure contains 8 bulletins describ- 
ing maker’s recording systems, includ- 
ing galvanometer, amplifiers, and_re- 
corder with heat-sensitive paper.—San- 
born Co., 39 Osborn St., Cambridge 39, 
Mass. 


T-714 Wired Television. 16-page 


Bulletin 1025 illustrates and describes § 


applications of maker’s “Utiliscope’ 
television equipment in research, edu- 
cation, industry, protection, etc.—Dia- 
mond Power Specialty Corp., Lancas- 
ter, Ohio. 


T-715 Radiation Mermgpe ine 
age bulletins illustrate and des 
(1) “Scintiscaler Model CX 14 alpha 
scintillation counter, (2) Scintimoni- 
tor Model AX10” counting rate — 
(3) “Scintidapter Model AX11 whic 


| ith 
converts G-M counters to operate wi 
| scintillation counters, (4) “Scintimeter 


d 
Model LAX12” gamma detector, and 
(5) “Scintilocalizer Model TARE 
gamma detector with directional ports. 
—_R-C Scientific Instrument Co., 


| Culver Blvd., Playa Del Rey, Calif. 


1-716 Beta-ray Thickness Gage. 4 


| e : Pd 
| page Bulletin BG-1 illustrates, ant A 


| seribes maker’s 


“Model 
ray gage for continuous thickness 
measurement on production lines. 


rors 





TV remote viewer, etc— | 
Sylvania Electric Products, Inc., P.0. 7 
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T-721 
12-page 
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type an 
ulators, 
—Westi 
Pittsbu 


T-722 
eter. 4 
describe 
tions 6 
which 1 
pendicu 
cialty ( 
phia 2, 


T-723 
4-page 
mograp 
cords \ 
pendicu 
eter Wl 
but. wit 
bration 
Philade 


T-724 
26 No. 
Experi 
scribes 
resistor 
and (2 
and ulti 
dio Co., 


T-725 
20-page 
Operati 
mathem 
trait” 1 
mechani 
eration 
mode o 
oratorie 
14, Ill. 


T-726 
4-page 
trates : 
3-chann 





—_ 


eatures and theory.—Industrial 


cludes f 1205 Chesapeake 


Nucleonics Corp., 


—_ Ave. Columbus 12, Ohio. 
717 Metal Detector. 20-page Bro- 
inst; chure 14B7217A illustrates and - 
‘ion a scribes maker’s “Electronic Metal ‘A 
nghous tector” which safeguards nonmetallic 
tsburgh processes from small stray metallic 
. particles. Includes principles and ap- 
plications —Allis Chalmers Mfg. Co., 

















Milwaukee 1, Wis. i 

- Pickup and Measuring Equip- 
se gipage catalog illustrates and 
describes maker’s “Dynamic Measur- 
ing Equipment” which uses variable-in- 
ductance pickup for dynamic or static 
measurement of force, pressure, and 
acceleration. Includes description of 
carrier oscillator and coupling unit.— 
Wiancko Engineering Co. 2670 N. 
Fair Oaks, Altadena, Calif. 


T-719 Remote Indicator. 4-page 
Bulletin Section 6197 illustrates and de- 
scribes maker’s d-c. operated remote 
indicator and control equipment, con- 
sisting of transmitter and synchro- 
type receiver—Allis Chalmers Mfg. 
Co., Milwaukee, Wis. 


_ 7-720 Power Supplies and Oscil- 
lators. 8-page Vol. 26 No. 2 issue of 
house organ “The General Radio Ex- 
perimenter” illustrates and describes 
unit power supplies and unit two-fre- 
quency oscillators. Also article on 
u-h-f. harmonic generation by crystal 
diodes—General Radio Co., 275 Mas- 
sachusetts Ave., Cambridge 39, Mass. 


T-721 Feeder Voltage Regulators. 
12-page Vol. 17 No, 2 issue of house 
organ “Maintenance News” features 
articles on maintenance of induction- 
type and step-type feeder voltage reg- 
ulators, and industrial plant lighting. 
—Westinghouse Electric Corp., East 
Pittsburgh, Penna. 


T-722 Three-component Accelerom- 
eter. 4-page brochure illustrates and 
describes characteristics and applica- 
tions of a pendulum accelerometer 
which records accelerations in 3 per- 
pendicular directions.—Vibration Spe- 
cialty Co., 1536 Winter St., Philadel- 
phia 2, Penna. 


T-723 Tri-dimensional Vibrograph. 
4-page brochure describes (1) a seis- 
mographic-type vibrograph which re- 
cords vibrations in 3 mutually per- 
pendicular directions and (2) a vibrom- 
eter which performs same functions 
but with visual indication only.—Vi- 
bration Specialty Co., 1534 Winter St., 
Philadelphia 2, Penna. 


T-724 Decade Resistor. 8-page Vol. 
26 No. 1 issue of “The General Radio 
Experimenter” illustrates and de- 
scribes (1) new “Type 1482” decade 
resistors in 3-, 4-, and 5-decade boxes, 
and (2) multirange filter for audio 
and ultrasonic amplifiers.—General Ra- 
dio Co.. Cambridge, Mass. 


T-725 Servomechanism Operation. 
20-page Bulletin S-3 “Multiple Mode 
Operation of Servomechanisms” gives 
mathematical theory and “phase-por- 
trait” responses of closed-loop servo- 
mechanisms. Explains modes of op- 
eration and application of multiple- 
mode operation—Cook Research Lab- 
c. Cook Electric Co., Chicago 


T-726 Carrier Telephone System. 
4-page brochure Form 33A-P4 illus- 


In @ ‘ates and describes new “Type 33A” 


3-channel single-sideband carrier tele- 







































































e@ At one time the French Chamber of 
Deputies was debating women’s suffrage. 
When one liberal soul pointed out that there- 
was very little difference, after all; between 
the sexes, a fellow deputy leapt to his feet and 
shouted with gusto, “Vive Ja difference!” 


Two pressure gages may seem alike. But 
the difference between a HELICOID and any 
ordinary gage is unique. So much so that other- 
wise complacent engineers, who usually keep 
their feet on the ground, have been known to 
jump with ecstasy and exclaim, “Vive la dif- 
ference!” 





HELICOID 


Only Helicoid Pressure Gages 
have the Helicoid Movement 


HELICOID GAGE DIVISION 
AMERICAN CHAIN & CABLE COMPANY, INC. 


Bridgeport 2, Connecticut 
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High Precision Optica, Compo- 
NENTS Any Size For 
Astronomical and Physical 
Research 


Parabolic, Spherical, Ellipsoidal 
and Plane Mrrrors 
. 


Plane Parallel PLaTEs 
e 


SCHLIEREN SYSTEMS 
* 


Interferometer PLATES 
. e 


LENSES and Prisms of Glass 
« 


Natural or Synthetic CrysTaxs 
Complete Optical and Mechanical 
INSTRUMENTS 
Made to Dinilbisitois 
High ini Coating 


John Unertl Optical Co. 
3551-3555 East Street 
Pittsburgh 14, Penna. 








ENGINEERS AND TECHNICIANS 


Needed Immediately 


Radar 
Servomechanisms 
Instrument Technician 
Microwave Techniques 
Flight Test Instrumentation 
Fire Control 

Applied Physics 

Test Equipment 
Autopilot Design 
Gyroscopic Equipment 
Computers 

Electronic Design 


Starting rate and future advancement 
commensurate with ability, experience 
and background. Excellent working con- 
ditions and liberal employee benefits, a 
future with a progressive company. 


Send resume of training, experience, date 
available to 


McDonnell Aircraft Corporation 
"Home of the Banshee"' 
Post Office Box 516 St. Louis 3, Mo. 
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phone system.—Lenkurt Electric Co., 
County Rd., San Carlos, Calif. 

T-727 Carrier-system Dialing Aux- 
iliary. 8-page Form HI-D-P10 illus- 
trates and describes electronic auxil- 
iary which provides dial signalling 
on carrier communication systems. In- 
cludes theory and characteristics.— 
Lenkurt Electric Co., San Carlos, Calif. 


Electrical and Electronic 
Components 
Mica Capacitors. 


T-728 60-page 


- combined Catalog 420 & Faradon Cat- 


alog 421 illustrates and describes mak- 
er’s large line of mica capacitors for 
industry and commerce. Includes elec- 
trical, physical, and application data. 
Cornell-Dubilier Electric Corp., South 
Plainfield, N. J. 

T-729 Capacitors and Switch. Tech- 
nical bulletins describe (1) ceramic- 
button capacitors, (2) ceramic trans- 
mitting capacitors, and (3) lever 
switch.—Centralab, Division of Globe- 
Union, Inc., 900 E. Keefe Ave., Mil- 
waukee 1, Wis. 

T-730 Capacitors and Vibrators. 16- 
page Vol. 16 No. 7 issue of house organ 
“The CD Capacitor” features article 
on “Servicing Video Amplifier,” the 
“Radio Trading Post,” and descriptions 
of maker’s capacitors and vibrators.— 
Cornell-Dubilier Electric Corp., Ham- 
ilton, Blvd., South Plainfield, N. J. 


T-731 Electronic Components. 23- 
page indexed Catalog 151 illustrates 
and describes maker’s line of hundreds 
of components—racks, chassis, ca- 
pacitors, chokes, connectors, insulators, 
switches, dials, pilot lights, ete——Bud 
Radio, Inc., 2118 E. 55th St., Cleveland 
3, Ohio. 

T-732 Transformers. 10-page Cat- 
alog 5111 indexes, illustrates, and de- 
scribes maker’s line of transformers, 
including filter chokes and _ blocking- 
oscillators, driver, interstage, modula- 
tion, output, plate, power, matching, 
isolation, and vibrator transformers.— 
Merit Transformer Corp., 4427 N. 
Clark St., Chicago 40, IIl. 


T-733 Electronic Instruments and 
Components. 162-page Catalog No. 51 
(1951) illustrates and describes com- 
plete line of electronic instruments, 
accessories, components, etc., handled 
by wholesale organizationNewark 
Electric Co., 323 W. Madison St., Chi- 
cago 6, Iil. 

T-734 Vacuum and Gas Tubes. 16- 
page Catalog 86-020 classifies, illus- 
trates, and describes line of Westing- 
house phototubes, Pliotrons, Thyra- 
trons, Ignitrons, Kenotrons, Phano- 
trons, and voltage regulators handled 
by representative.—Milo Radio & Elec- 
tronics Corp., 200 Greenwich St., New 
York 7, N. Y. 

T-735 Connectors. 4-page Vol. 4 
No. 6 issue of house organ “Engineer- 
ing News” describes (1) use of maker’s 
connectors in oscilloscope and (2) TV 
antenna rotator.—American Phenolic 
_ 1830 S. 54th Ave., Chicago 50, 

T-736 Snap-action Switches. 4-page 
Bulletin No. 54 illustrates, describes, 
classifies, and indexes maker’s line of 


5,000 snap-action Switch 
] e 
ators.—Micro Switch, Freeport Il, 


T-737 Mercury Swit 
Switches, 4. 
Catalog Hg-1 illustrates aaa ‘an p 
maker’s line of mercury switche 
cludes selection aids, application > 
_ ee — ae Switch, at 
inneapolis-Hone é 
Freeport, Til. Y° Begulator Co, 


T-738 Plug-in Chassi x 
chure illustrates and describe’ z 
er’s “Cinema 8862 Series” charg 
kit form. Includes built-in Pete if 
spring-type connectors for plug-in fa 
ture.—Cinema Engineering Co i510 
West Verdugo Ave., Burbank, Calif 


T-739 Servo Compon 

brochures illustrate a “deeceiber th 
Servoboard” for rapid experimental! 
synthesis of servosystems, (2) 60. 
cycle servoamplifier, (3) servo labora." 
torv analysis and synthesis equipment. 
and (4) reluctance servoamplifiers — 
a —_ of America 2020| 
ericho Turnpike, New ; 

New York. ’ — i, 


T-740 Crystal Diodes. Ke 
booklet illustrates and describe ty 
applications of crystal diodes in ip. 








terval timers, inductive-kick que 
various controller circuits, er 
vania Electric Products, Inc., Electron. 
- "4 1740 Broadway, New York 


_T-741 Printed Circuits. 2-nage tech. 

nical bulletins illustrate and describe 
printed circuits for (1) 3-stage am. 
plifiers, (2) i-f. filter. (3) audio-deter. 
tor nlate, (4) coupling circuits, and 
(5) TV vertical integrator network— 
Centralab, Division of Globe-Union, 
er E. Keefe Ave., Milwaukee 
. Wis. 


T-742 Primary Element. 10-page 
booklet illustrates and describes an ele. 
tromechanical transducer which uses 
a wire vibrating in a magnetic field 
Tncludes principles and applications— 
Rahm Instruments, Inc., 12 West 
Broadway. New York 7, N. Y. 


T-743 Strain Gages. 4-page book- 
let. illustrates and describes use of 
“SR-4” strain gages for industrial’ 
weighing. including crane hooks, multi-” 
tank and batch control, conveyor-belt 
weighing. and axle scale for highway) 
weight checking.—Baldwin-Lima-Ham- — 
ilton Corp., Philadelphia 42, Penna. , 

T-744 Motors. 4-page “Condensed) 
Price List” gives prices and data on 
maker’s line of squirrel-cage induction 
motors, wound-rotor induction motors, 
d-c. motors, single-phase motors, and 
controls.—Centuryv Electric Co., 1806 
Pine St., St. Louis 3, Mo. 


T-745 Permanent Magnets. 16-page 
Catalog No. 11 illustrates and describes 
maker’s line of “Hyflux Alnico V’ 
cast magnets.—The Indiana Steel Prod- 
ucts Co., Valparaiso, Ind. 

T-746 Loudspeakers. 24-page June 
issue of house organ “Successful Serv- 
icing” features article on matching 
loudspeakers.—John F. Rider Publish- 








ENE, ea 





er, Inc.. 480 Canal St., New York 
23; Nw! X 
Valves, Piping, Tubing 
T-747 Valves. 4-page folder illus- 


trates and describes maker’s line o 
diaphragm-motor and _hand-operated 
valves, “Mastertrol” cycle controllers 
and “Robotron” cycle controllers— 
Emmett Machine & Mfg. Co., Inc., 224 
Fourteenth St., S.W., Akron 14, Ohio. 
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Valves. 4-page Bulletin 510 
and atte | —e _ 
‘ng-disc valves designed to ac- 
4-page beige hydraulic cylinders. In- 
lescribes cludes circuits, models, and aig 
hes. Inf tions—Ledeen Mfg. Co., 1600 8. San 
On aids, Pedro St. Los Angeles 15, Calif. 
ch, Diy, 149 Valve Actuators. 4-page Bul- 
letin 512 illustrates and describes. mak- 
er’s cylinder-type valve positioners 
Ze bro. which operate on alr, oil, water, gas, 
S mak-§) or steam. Includes features and app i 
assis inl eations—Ledeen Mfg. Co., 1600 Z 
pen-leaf) San Pedro St., Los Angeles 15, Calif. 
“In fea. a Safety-relief Valves. 34-page 
Goa Paty 51-B illustrates and describes 
principles of manifold discharge pip- 
_2-page jng systems with safety-relief valves 
ibe (1) ) which compensate for back-pressure 
imental) offects.—Farris Engineering Corp., 610 
2) 60-" Commercial Ave., Palisades Park, N. J. 
; 7-751 Alloy-steel Tubing. 4-page 
Yrs > Technical Data Card 149 describes low- 
oo carbon, carburizing steels for tubing. 
2020) Includes data on micro-structure, alloy 
© elements, thermal treatment, ete.— 
Babcock & Wilcox Tube Co., Beaver 
36-page|) Falls, Penna. 
bes 2 T-752 Seamless Tubing. 8-page 
M In- jooklet, “High-strength Seamless Tub- 
nehers, ‘ing to Close Tolerances” describes 
— Syl. maker’s method for producing precision 
are tubing of various metals, bores, etc.— 
» Tube Reducing Corp., Wallington, N. J. 


e tech.) 
escribe 


re am.) 


7-748 
illustrates 








Materials 


T-753 Ductile Iron. 8-page Vol. 4 
deter.) No. 5 issue of house organ “Nickel 
s, and Topics” features description of “ductile 
vork_@ iron”, including properties and applica- 
Union, @ tions—The International Nickel Co., 
vaukee Inc., 67 Wall St., New York 5, N. Y. 

T-754 Plexiglas. 22-page Vol. IX 
No. 3 issue of “The Rohm & Haas 
in elec. Reporter” features articles on use of 
1 ue Plexiglas, fabric manufacture and 
» field others—Rohm & Haas Co., Philadel- 
ions, @ Phia 5, Penna. 

West T-755 Aluminum. 8-page July issue 

of “Aleoa Aluminum News-Letter” fea- 
book tures article on use of aluminum tanks, 
>) carry-alls, etc—Aluminum Company 


wal | of America, Pittsburgh 19, Penna. 


multi: . T-756 Beryllium Copper. 8-page 
yr-belt’ brochure describes properties, finishing, 
zhway and joining practice of beryllium cop- 
‘Ham- per for springs and stampings.—Lee 
ma. ) 9 ‘ 
lensed) / \ 


0-page 








action A supply of these cards 
otors, for the asking 


, and) Is your copy of Instruments routed 
180 | to several people? 


; 3 Does your Company Librarian for- 
age bid mutilating tech mags? 
oye Or do you yourself wish to pre- 


Prod: serve your own copies intact? 
Just drop us a postal card asking 








June for Inquiry Cards and we'll 
Serv- send you twelve! Do it NOW. 
ching \ 

blish-p ( 
York 


Mechanical Laboratories, 30 Main St., 
Brooklyn 1, N. Y. 


ay t-757 Cork. 4-page brochure 1h/D 
illus. illustrates and describes characteris- 
1e of § tics and uses for cork compositions and 
rated § natural cork. Includes tables of proper- 
llers. B ties, sizes, and specifications.—Dodge 
rs—§ Cork Co., Inc., Lancaster 19, Penna. 


T-758 Electroplating. 4-page bulle- 
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\ 
inest { is 
righ fidelY mostot ¢ Professional Tape Recording Equipment 
4 TWweaer Vets vitor ot for Every Industrial Need 
‘ 


6 an ey i? r] 
\ roadcoes Sailnet, NOISE ANALYSIS - PROCESS CONTROL 
ere Loken 
Pe atance of,"eesot Rosio VIBRATION TESTS -. TELEMETERING 
nee ; 
: 4 For complete information, write MAGNECORD, Inc. 
ay Dept. IN-9, 360 N. Michigan Ave., Chicago 1, Ill. 


BEARINGS 
CONTACT POINTS 


Call or write for information on the ENG-SOL METHOD of 


chemically cleaning surfaces with a high velocity spray of solvent 


and air, 
e 


PASSAIC ANALYTICAL LABORATORIES, Inc. 


228 AYCRIGG AVE. PASSAIC, N. J. 





Here is your LITERATURE and INFORMATION order card 
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RELAYS aad TIME SWITCHES 


oy 








of Diamond 






vality 









Ruggedly constructed to exacting 


Open T 
waorty wae specifications that are carefully en- 








“Can” Type P ; 

With Plug-in gineered to provide ample safety fac- 
Tube Base tor . . . quality all the way through! 

A. C. or D.C. _Automatic’s relays are not built to 





a price but to an unexcelled standard 
of performance. That’s why they are 
the choice of so many “big name” 
manufacturers. 

We engineer and build a wide vari- 
ety of stock model relays for practi- 
cally all applications. A staff of com- 
petent engineers will design and build 
relays to fit your requirements. 

Stock models or custom built, ev- 
ery relay we manufacture will deliver 
the same dependable performance 
that has made the “Diamond Seal” 
line the choice of those who measure 
quality by performance. 


TIME SWITCHES — Equipped with 
Synchronous Self-Starting Motors 
and Silver Contacts. 


For any load, for every installation, 
look to Automatic for the finest in 
Time Switches and Interval Timers. 


WRITE FOR CATALOG 


ake MFG. CO. 


Midget Relays 
Dual Purpose 
Relays 









Delayed 
“Make” or “Break” 
Automatic 
Circuit Control 
“Current” and 
“Potential” Relays 







































58 STATE STREET - MANKATO, MINN. 


TANKOMETER C 


FOR MEASURING TANK A 
CONTENTS ANY DISTANCE AWAY 
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Materials, Continued 


tin illustrates and deserj : 

tions of special “Lectroforming out 
ess for electrodeposition of mail 
intricate parts.—Bart Laboratories Co. 
Inc., 227 Main St., Belleville 9, N. a. 


T-759 Corrosion of Copper 
per Alloys. 24-page Booklet Bae 
rosion Resistance of Copper and Cop. 
per Alloys” explains nature of From i 
sive attacks and tabulates resistance 
of copper and brass alloys to 183 ro 
roding agents.—The American Brass 
Co., Waterbury 20, Conn. : 


Weight Control 


T-760 Weight Feeders and Convey. 
ors. 86-page Catalog 830 illustrates 
and describes maker’s line of vibrating 
feeders and conveyors, and “Waytrol” 
gravimetric weight-controlled feeder 
— Jeffrey Mfg. Co., Columbus 16, 

io. 









Instrument Shop Equipment 


T-761 Instrument-shop Table Stove. 001 
l-page brochure illustrates and de! 
scribes maker’s electric table range” 

with two burners and five heat com.” 
binations.—Dominion Electric Corp, 
Mansfield, Ohio. 


T-762 Arctangent Graph Paper. 4.| 
page brochure describes principles and! 
applications of arctangent coordinate 
graph paper with double or single are- 
tangent coordinates. Free samples—‘} 
Orbit Electric Co., 2710 N. Menard 7 
Ave., Chicago 39, IIl. 


T-763 Meter Houses. 16-page Cate. 
log No. 4 illustrates and describes 
maker’s line of protective weather. 
proof meter houses, mercury protec. 
tors, safety heaters, fire houses, gate. 
valve boxes, exhaust jackets, ete— 
Moran Furnace & Sheet Metal Co., 807 
E. Fifth Place, Tulsa 10, Okla. 

T-764. Battery Charger. 4-page Bul- 
letin 11-220 illustrates and describes 
maker’s motor-generator battery 
charger.—The Electric Products (Co. 
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1725 Clarkstone Rd., Cleveland 12, Pyro 
Ohio. syste 

T-765 Cutting Tools. 4-page Bulle- 
tin 101 illustrates and describes “Cro- tacts 
balt” cast alloy cutting tools. Includes syste 
description of best working conditions 
for various cutting materials—Cro-| same 
balt, Inc., 2800 S. State St., Ann Arbor, 

Mich. ‘ 

T-766 Gages. 50-page Catalog No. F 
51 illustrates and describes maker's ’ 
standard gages—thread, plug, and ring. Baile 
Includes principles, sizes, and prices. _ 
—Republic Gage Co., 2228 Fenkel acts 
Ave., Detroit 21, Mich. , temp 

Miscellaneous a 
. ‘ 

T-767 Agency Index. 6-page indey seaahe 
lists manufacturers represented by diff. 
agency. Products are indexed also, it 
cluding precision tools and diamoné recol 
products.—R. P. Gallien, 220 W. dtp 
St., Los Angeles 13, Calif. 

T-768 Centennial Issue. 40-pagt 
Centennial Issue, Vol. 3 No. 4, of house BAI | 
organ “Taylor Technology” illustrate 
and describes 100 years’ growth of IV! 


company. Includes facilities, quality wie 
control, and world-wide markets. —Ta-@y 
lor Instruments Companies, 95 Amy 
St., Rochester, N. Y 
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Bailey Pyrotron 
Recorder-Controller 


“looking for Better Temperature Instruments? 


ee Then check these features of Pyrotron 
Electronic Resistance Thermometers... 


FUNDAMENTAL ACCURACY 


Bailey Pyrotron Resistance Elements are made of 
highest purity platinum—the material used by the 
National Bureau of Standards in establishing basic 
standards for temperatures from —190°C to +660°C. 


THREE TYPES OF CONTROL 


Pyrotron Controllers may operate: on-off electrical 
systems by either electronic relays or electric con- 
tacts, modulated electronic systems, or air-operated 
systems. Two temperatures may be recorded on the 
same chart and controlled by a single instrument. 


FACTS PUT INTO USABLE FORM 


Bailey Pyrotrons may be arranged to put temperature 
facts into convenient usable forms. If two or more 
temperatures are related, they may be recorded as 
continuous records on the same chart for easy com- 
parison. The average of several temperatures or the 
difference between two temperatures may be 
recorded as a single continuous record which may be 


BAILEY METER COMPANY 


CLEVELAND 10, OHIO 


retransmitted to a distant point or used to actuate 


a control system. 


EASY INSTALLATION 


Bailey Pyrotrons do not require careful leveling or 
protection against vibration. Three ordinary copper 
wires are all that is needed to connect each tempera- 
ture sensitive element with the recorder. Power may 
be taken from any 115 volt 60 cycle circuit. 


MINIMUM MAINTENANCE 


The absence of galvanometers, batteries and stand- 
ardizing equipment, together with the use of inter- 
changeable unit assemblies, reduces Pyrotron main- 
tenance to the vanishing point. 


ABUNDANT POWER 


A separate motor drive for each temperature fur- 
nishes abundant power to operate a recording pen, 
a controller and an alarm switch. 


For the full story on this unusual electronic resistance ther- 
mometer which is suitable for ranges between —300°F 
and 1200°F, ask for Bulletin No. 230-C. P-21 
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Specify the Bes tl | 
PHILADELPHIA _ 


THERMAL CONTROLS 
AND THERMOMETERS 


Our Leadership for nearly 
a half century is your 
assurance of complete 
satisfaction when you 
specify a ‘Philadelphia’ 
instrument. 


Steady, accurate and de- 
pendable performance is 
guaranteed. 


Feel free to consult with 
our specialized staff on 
any problem in our field. 


SEND FOR CATALOG 110A 


PHILADELPHIA THERMOMETER (CO. 
~« 4400 N. site St. © Philadelphia 40, Pa. 


Since 1905 





Second Edition (1951) Now Available 


Mechanical Measurements 
by Electrical Methods 


Serialized in Instruments under the title 
“Electric Gaging Methods” 
By HOWARD C. ROBERTS 


Special Research Associate Professur of Civil Engineering, Uni- 
versity of Illinois (for many years in Research Lab., A.R.A.). 


Typical of the comments received while 
this book ran as a serial in Instruments: 


. .. I appreciate the thoroughness with which the 

subject is being treated.” “We are sure that your 
articles will be widely read, for it is a subject cer- 
tainly in need of the correlation you are giving it.” 
se I am glad to find that you have done so ex- 
haustive a job on the subject.” 


Cloth, 368 pages, 43%, x 81% inches; 254 illustrations ; 
two bibliographies (500 refs.); seven-page index. 


$4.00 postpaid 


Remittance must accompany order 


INSTRUMENTS PUBLISHING CO. 
921 Ridge Ave., Pittsburgh 12, Pa. 
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